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INTRODUCTION. 


Though excelled in most respects by other trees in the region of 
its growth, eastern hemlock is none the less a most important mem- 
ber of the remaining old-growth forests. Its lumber, once held 
nearly worthless, now serves many purposes for which pine was 
formerly demanded; its wood supplies more raw material for paper 
pulp than does any other in the United States except spruce, while 
the amount of its bark used for tanning exceeds that of all other 
native species combined. Compared with pine, hemlock has been 
lumbered for only a short time, but this exploitation, accompanied 
as it has often been by waste and fire, has already greatly reduced 
the supply of standing timber. 
tinues hemlock will before very long be as scarce as old-growth pine. 

In spite of its present importance, hemlock is not a tree of promise 
for forest planting. White and red pine will yield better lumber in 
a much shorter time and on poorer soils, are less suceptible to decay, 
and are more easily grown. Spruce serves as well for the protection 
of watersheds and stream sources, and produces better pulpwood 


If the present rate of cutting con- 


1 There are two species of hemlock in the eastern United States, but one— 7'suga caroliniana Engelm.— 
fs restricted to the Southern Appalachians, and is of only local importance. This bulletin treats only 


of the other species—Tsuga canadensis (Linn.) Carr. 


NoTE.—This bulletin describes the more important characteristics of hemlock, presents tables of its 
volume and rate of growth, and gives the chief facts regarding its utilization. Acknowledgment is due to 
Messrs. E. M. Griffith, State Forester of Wisconsin, and R. S. Kellogg, Secretary of the National Lum- 
ber Manufacturers Association, for assistance rendered in the field study and in the course of preparation 


ofthis bulletin. 
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and lumber. Several other species produce fully as good tan bark 
- orextract in ashorter time. Nevertheless hemlock will undoubtedly 
persist in the old-growth forests and natural second-growth in many 
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Fig. 1.—Botanical distribution of hemlock. 


regions, and its presence in these stands may be of decided benefit to 
them. For this reason it must be considered in forest management. 


GEOGRAPHICAL RANGE. 


Hemlock finds its home in the white pine region of eastern North 
America. This also is the region inhabited, by the characteristic 


THE EASTERN HEMLOCK. 3 


beech-birch-maple forest—the “ northern hardwoods ’’—of which hem- 
lock is often a conspicuous member. The tree’s northern limit cor- 
responds roughly with the forty-seventh parallel of latitude, from 
Nova Scotia to east central Minnesota (Carlton, St. Louis, and 
Aitkin Counties, and the St. Croix River), whence it extends south 
to central Wisconsin, southern Indiana (Floyd County), central 
Ohio, and northwestern Delaware. It is important in the mountain- 
ous portions of New England, New York, and Pennsylvania, and 
extends along the Appalachian Mountains, through western Mary- 
land, eastern West Virginia, southwestern Virginia, eastern Ken- 
tucky and Tennessee, and western North and South Carolina, into 
northern Georgia and Alabama. It grows neither so far north nor 
so high in the mountains as the eastern spruces and firs,! and reaches 
its greatest size in the coves of the mountains of western North 
Carolina and eastern Tennessee. 


COMMERCIAL RANGE. 


About two-thirds of the total cut of eastern hemlock lumber 
comes from Wisconsin, Michigan, and Pennsylvania, in the order 
named, with West Virginia, New York, and Maine following. The 
other States within its range aggregate about 11 per cent. The 
shifting of the relative importance of different States in hemlock 
production within recent years is shown in Table 1, based on data 
collected by the Census Bureau and the Forest Service. 


TaBLE 1.—Hemlock lumber cut in different States, in per cent of the total cut of hemlock, 
and rank of States in order of production. 


[From United States Census reports for 1899, 1904, and 1906-1912.] 


1913 1911 1909 1907 1899 
State. Pee - peceDE - Fe ebor - padi - Fiche. 

tion o ion o ion o tion o tion o % 
total Rank. total Rank. total Rank. total Rank. total Rank. 

cut. cut. cut. cut. cut. 

Per Per Per Per Per 

cent cent cent. cent cent. 
United States...........- OO Mes |Sersete LOOM Ceeeee se LOO Re eee TOO See sas 100 ests 
NSinsee ue ose 28.7 u 26.6 1 23.2 1 23.3 Pia he aN / 3 
Miehivan: Soe... 19.0 2 21.8 2; 20.1 3 20. 4 3 | 24.6 2 
Pennsylvania.......- 14.2 3 18.2 3 22.5 2 25.2 145.6 1 
West Virginia........ 8.9 4 10.3 4 9.2 4 8.0 4 Dale 5 
New MOD 3.65222 5.3 5 5.0 5 ER 5 6.1 5 8.9 4 
LS Tit ae ae eee Spal 6 3.3 6 3.6 6 3.6 6 25 6 
Tennessee. ......-.--- 1.8 tf 1.4 9 12 11 1.2 Oh ease 18 
North Carolina....... "E.6 Silene slows aces 3 10 .9 aT | Sree 16 
WGI Ot ee NOS 9 5 8 2.0 8 2.2 8 iP 8 
New Hampshire. .... 168? 10 1.5 7 2.2 7 2.6 7 1.3 7 
AES. WT Ee aan Sy Pee ee ee 12 10 1.4 9 ual LOR Hoe ees. = 15 
LSS] DRG) ARE ae pie ee 1.0 11 -8 13 8 13 .4 10 
MOREE VAs 9 555 8 oe coe opecl scalewisecl<Soccce .9 12 8 12 srl 12 
LEG), Sale eile AR Be Sas 2 (Sere a eee Av 14 ay 14 -6 9 

States producing west- 

ern hemlock.......... PI al eee i te Oi Eres Sete ANON elspa ot Qabuliea-e yee SOZh es eeeer 
All other States........ Lt) ee ee He as cee 1 Bs S| | ee TEU Bees sale OG a cs emnere 


1 Hemlock is not found where the average temperature during the four growing months is less than 55° 
F., and but seldom where the average is below 58°. (For. Quart., Vol. XI, No. 1, pp. 64-66, ‘‘ Northern 
Limits of East Canadian Trees in Relation to the Climate,” by H. R. Christie.) 
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AMOUNT OF STANDING TIMBER. 


Reliable estimates of the amount of standing hemlock are very ~ 


difficult to obtain, because of the widely varying proportion which 
the tree forms of the mixed forests in which is usually grows. For 
this reason past estimates have been greatly at variance with one 
another. Thus the total stand was estimated to be 20,165 million 
board feet in 1880 by C. S. Sargent; 56,571 million board feet in 
1903 by R. A. Long; 100 billion board feet in 1905 by the American 
Lumberman; and 75 billion in 1909 by R. S. Kellogg. In 1880 
Sargent estimated the amounts of standing hemlock in Pennsylvania, 
New York, and New Hampshire to be 44 billion, 3 billion, and 165 
million board feet, respectively. The stand in Pennsylvania was 
estimated to be 5 billion board feet in 1896 by Dr. B. E. Fernow, and 
10 billion board feet in 1907 by J. E. Defebaugh. 

By far the most careful estimates are those for the Lake States pre- 
pared by the Bureau of Corporations in 1910.1. According to these 
the amount of standing hemlock in the Lake States is 26.6 billion 
board feet, of which Michigan has 15 billion and Wisconsin 11.6 
billion. Hemlock comprises 34.6 per cent of all the standing timber 
in both States—31.5 per cent of that in Michigan, and 39.7 per cent of 
that in Wisconsin. Compared with these estimates the production 
of hemlock lumber in Michigan and Wisconsin during 1909 repre- 
sented 4.1 per cent and 6.1 per cent, respectively, of the total stand. 
For all species combined this relation was 4 per cent and 6.9 per cent, 
respectively, which makes it evident that the cutting of hemlock pro- 
ceeds at a rate very close to the average for all species—more rapid 
than for hardwoods and much slower than for pine. 

Hemlock may form a very small or a very large proportion of the 
forest, while between these extremes are all gradations. One of the 
largest remaining stands of hemlock in the Lake States is on the 
Menominee Indian Reservation. The total stand of all species was 
estimated about 1910 to contain 1,750,000,000 board feet, running 
15,000 per acre, of which more than 40 per cent, or 6,000 per acre, 
was hemlock, the timber varying in size from 6 to 33 logs to the thou- 
sand board feet. 

In 1905 and 1906 the Forest Service? secured from local timber 
operators estimates of the amount of standing timber in each county 


of the Southern Appalachian region. The estimate of standing 


hemlock was as follows: ; 3 
Board feet. Board feet. 


Georvias 22222555. eee 205, 000, 000 | Tennessee.............-. 1, 387, 000, 000 
Kentucky.22-. 2 Seve 452, 000, 000 | Virginia............-.-.-. 505, 000, 000 
Marylands. 2 >) eee 60, 000, 000 | West Virginia..........- . 3, 550, 000, 000 
Worth Carolina... 2. -- = 668, 000, 000 cach in a aeneR 


South: Carolinas+*s-222--- 93, 000, 000 Total.......----- -- 6,920, 000, 000 


1Report on the Lumber Industry, Part I: Standing Timber. Washington, Government Printing 
Office, 1913. 
2 Study of Forest Conditions of the Southern Appalachians, under the direction of Walter Mulford. 
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According to this, hemlock is the most abundant conifer in the 
mountainous regions south of Pennsylvania. Its nearest com- 
petitor is spruce, with a total of less than 3,000,000,000 board feet. 
In Maryland nearly all the hemlock is in Garrett County. In West 
Virginia over 80 per cent is in the high mountains of Pocahontas, 
Randolph, Tucker, and Webster Counties, and the western part of 
Grant and Pendleton Counties, where it covers large areas just below 
the spruce belt. Eighty per cent of the hemlock in Virginia lies west 
of New River, and 50 per cent is in Grayson, Smyth, and Washington 
Counties. Here, also, the heaviest bodies lie below the spruce in the 
“spruce and hemlock region.””. Farther south hemlock forms asmaller 
proportion of the stand, though it is often very dense in the coves 
and lower slopes. It becomes less abundant as the mountains become 
lower, and fails altogether where the foothills and plains begin. 


VALUE OF STANDING HEMLOCK. 


The stumpage value of hemlock is generally lower than that of the 
other important eastern trees. White and red pine, white ash, 
basswood, elm, oak, and hickory all considerably exceed it. Birch 
and maple, which average a little less in value than hemlock in the 
northeast, exceed it in the Lake States and Southern Appalachians. 
Beech is perhaps the only important species in the Lake States whose 
average stumpage value is not greater than that of hemlock, while 
in the South hemlock is the least valuable of all the species. Table 6 
gives the relative stumpage values of hemlock and associated species 
in 1912, based on a large number of reports of timber sales received 
by the Forest Service. 


TABLE 6.—Comparative stumpage values per thousand board feet of hemlock and 
associated species, in 1912.1 


North- 
4 Lake Southern 
Species. ‘Sh ee States. | States. 


LEINTO ES oe A Ba Sree eg ee ea eee ee eae aie ao | $6. 


6 3 } 

CESS TU es aS eee eee see aaa evra eh cee) SARTO aS one 8. 44 10. 3 3. 91 
Aotbnd Dace sedis tots 2 Sse RS eee eS ee ed a ee ae ee 9. 03 5. 82 6. 16 
RS EDULE ape: ap Seat Ec CE Oe Se Me ieee pce a aR 8. 40 6. 30 4,92 

WRI 22) sane (ee See ee ee eee 6. 71 5, 87 3. 41 
BO DTT e co snk € Se SSASE SE SEG ime aa a a a ea Re ee 5. 98 4, 58 3. 45 
LED VH Es Toye Seog 5S Na a ee ee 8 ee me ee 5. 61 4, 85 3. 33 
Eee Ee See nee Me a USS ls Soa o ste. Sec Oue te aleis Sicrele.e 4, 38 3. 67 2. 86 


1 From the reports of sales collected by the Forest Service, Office of Industrial Investigations. The 
States included under the headings of ‘‘ Northeastern States,” ‘‘Lake States,’”’ and ‘‘Southern States” are 
those given in Table 7. 

Stumpage values are derived by deducting all logging, transporting, 
and manufacturing costs from the value of the lumber or other 
salable product. Wide ranges in stumpage value due to differences 
in accessibility may prevail within the bounds of a single State. As 
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a rule, however, the stumpage value of most of the old-growth timber 
in a region is uniform enough to justify comparison with other regions. 
Table 7 gives such a comparison of average stumpage values of hem- 
lock in 1889, 1899, 1907, and 1912, within the States where it is 
commercially important. 


TaBLE 7.—Stumpage values per thousand board feet of hemlock in different States, for 
1912,) 1907,! 1899, and 1889. 


1912 1907 1899 1889 
State. Average Average | Average 
Average ag’ 
values values values 
ce Reports. (esti Reports (esti- (esti- 
‘ mates) mates) mates) 
Northeastern group: 
Aine... ais .- Pee ae ee ee $4. 72 30 $4. 48 33 $2.52 $1. 63 
New. Eampshire=-i-'2. eon. seie se ae 5. 57 10 5.22 17 S719 bat eseee 
Vermont: a5 see oes oo = See 5. 40 5 4.03 32 ZiQU es peewee 
Massachusetts. < sciscccseneoeer eee aes 6. 44 9 6.10 PAW esis ere ogee) ey aya 
ING WeMOK Reese eee cone eee 7. 46 29 5. 48 33 D598 wii eee eee 
Pennsylvania 5024266 eteew eee oneeee 7.35 21 7.38 62 2.75 1.45 
Average (weighted).........-.--.- 6.28 p Sten eee HW Pd BES neeGee a Saco=uysod |sasosssues 
Lake States: 
Michivan soeeee hos onset ae sea 5.07 14 4,22 85 2. 25 1.05 
WASCONSINE acs sacar eee a se eee 3.21 32 3.31 63 2, 16 96 
Average (weighted)............... 3. 78 | Reet AN S28 OM Soe ee oe Semce eee eee ee eee 
Southern States: 
Manylan S gee at oe pena eae 24,25 24 3. 88 ASS see yas 2. 50 
WATT OG ae See eae SAE ee a3. 17 23 2.98 TSM oe ese ao | Coes 
West Virginiatss/s.. 2 +i ee ecte oso cS 6. 00 1 3. 26 45 DO) sae 
KON GUCK Ys ion ce 2 ao one Sees eee anes 2.50 2 2.14 De Peron ca pe 
Tennessee). sss sce See see Ses oe 2.50 3 2.07 iby eens tess Ook eee 
North: Carolina toes. oe eee eae ty 6 1. 43 fe ee i |e tt 


1 The figures for 1912 and 1907 are averages of reports collected by the Forest Service. For 1912, reports 
of both estimates and sales were collected. The averaged estimates (not shown for 1912) were slightly 
anenet for almost every State than the averaged sales. 

2 Estimates. 


The table shows that recently the rate of increase in value of hem- 
lock has fallen off, at least in the Northeastern and Lake States. In 
Pennsylvania, for example, the stumpage value increased more than 
fivefold between 1889 and 1907, but during the next five years there 
was practically no increase. In 1889 hemlock was as yet practically 
-unmerchantable in many parts of its range, and its cheapness and low 
taxable value assured large profits. At present, however, the 
increase in stumpage value is hardly rapid enough to yield a large 
profit, while taxes, insurance, and other annual charges often add _ 
substantially to the cost. To yield a return of 6 per cent compound 
interest it would be necessary for the stumpage value to double at 
least every 10 years. This, of course, applies only to old stands in 
which growth is very slow or is entirely offset by decay. In young, 
thirfty stands there is an increase in the amount of stumpage which 
may make the investment profitable without a great increase in 
stumpage value. 
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UTILIZATION OF HEMLOCK. 


Though hemlock first came mto use because of the growing scarcity 
and increasing value of better trees, it can no longer be considered 
merely a substitute for these species. In the three large industries 
to which it contributes—lumber, pulp, and bark—it has become prac- 
tically indispensable. 

LUMBER. 


Small quantities of hemlock lumber were produced locally in the 
northeast during the early days, but not until the bulk of the pine 
had gone was it able to find a wider market. As long as the best 
grades of pine lumber could be had for very little more than the cost 
of production, hemlock could not be disposed of profitably. As late 
as 1880 hemlock lumber of the first quality had so little market value 
in New York and Pennsylvania that it could be shipped only at a loss, 
and was often sold at the mill to local consumers for as little as $4.50 
per thousand board feet. Hemlock logs, cut and peeled for tanbark, 
could not be hauled with profit even for short distances, and large 
numbers of them had to be left in the woods to rot. When peeled 
and well dried, hemlock logs float nearly as well as pine, and because 
of their slipperiness are useful, when driven with pine and spruce 
logs in breaking jams. Peeled logs check badly in drying, however, 
and necessitate heavy and wasteful slabbing. In spite of this draw- 
back hemlock formed an average of about 10 per cent of all lumber on 
the Penobscot River in Maine from 1851 to 1895, with a steady rise of 
from 7 per cent in 1851 to 15.3 per cent in 1895.1 

During the last five years hemlock has ranked fifth in importance 
among the lumber trees of the United States, being exceeded only by 
yellow pine, Douglas fir, white pie, and oak. Table 2 shows the 
annual production of hemlock lumber during recent years, and its 
proportion in the total annual lumber production. 


TaBLeE 2.—Hemlock? lumber production during recent years, from census reports. 


Proportion Erep or 
Year. Annuai cut. of total Year. Annualcut.| total 
lumber lamina 
cut. eae e 
Thousand Thousand 
board feet. | Per cent. board feet. | Per cent. 
SIME le tl oe 3, 420, 673 DOs PA GOS has ee a i ae aN el 3, 051, 3 6.9 
UD ER gs 62 en ee eee 3, 268, 787 OSG PLOT OR Saysks eo ee AP NS he 2, 836, 129 figat 
TLE J RS Se eee eg 3,537,329 OE Se | PU a. Bayi) aie OMS Teka 2,555, 308 6.9 
LULL) cls ER dae ae oe 3,373, 016 SrA OLDE eae as SEA YS nba ES ey 2, 426, 554 6.2 
ITs 2 Oe ee SE ae yee ee eee 2, 530, 843 Pest Sinll WAG Whey chats Seo te SINR eee ne 2, 319, 982 6.0 


1 From statistics contained in the Third Annual Report of the Forest Commission of the State of Maine, 
1896, Appendix, p. 7. 

? Including western hemlock, an entirely distinct timber tree, which increased from 0.02 per cent of all 
hemlock cut in 1899 to over 12 per cent in 1913. 
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As the higher grades of pine grew scarce and expensive, hemlock 


acquired a modest value of its own as a competitor with the succes- _ 


sively lower grades of pine which were being introduced. Only the 


best hemlock was at first put on the market, but afterward lower — 


orades came in for box manufacture and other purposes for which 
high-grade lumber was not required. 


The production of only the best grade of hemlock necessarily 3 


involved a great deal of waste both in logging and sawing.- Partially 
defective logs were culled out in the woods, because the lumber they 
contained would not pay for their removal. Hemlock, when mature, 
is commonly wind shaken and rotten at the butt, and branchy and 
tapering at the top, so the amount thus left was naturally very large. 
Many trees which contained some sound lumber were left standing. 
In the mill, peeled logs had to be heavily slabbed to remove season 
checks, and much of the heartwood might be unsalable because of 
knots and shakes. Many of the slabs and edgings were made into 
laths, but far more were burned. As lower grades of lumber became 
salable there was less waste; trees were cut farther into the top and 
shorter butts were taken, while slabs and edgings were sold to pulp 
mills. In some parts of the country the broken logs and tops left 
after logging are now cut into bolts and used for pulp. Means of 
utilizing waste are rapidly increasing, and the present problem is, 
which of these will pay best? 

Though inferior to yellow pine and Douglas fir where great strength 
is required, hemlock lumber makes good building material and 1s said 
to give greater strength and firmness than white pine. It is well 
adapted for frames, sheathing, roofing, floor lining, and other con- 
struction purposes. It is softer and lighter than southern pine or 
Douglas fir, but holds nails as well. As drop siding it makes an 
excellent outside finish for barns and houses, if kept well painted. 
The best grades make attractive inside finish wherever a soft wood is 
appropriate. 

The durability of the wood depends very largely upon the nature of 
its use. In contact with the soil it is very perishable, and is not well 
adapted for ground sills unless treated with a preservative. If kept 
in a dry place, however, it is extremely durable. Even as outside 


covering it will give good service if placed so that it dries out rapidly | 


and thoroughly after being wet. There are instances of hemlock 
barns which still stand after 50 or more years’ use. Shaved hem- 
lock shingles, if of good, straight-grained wood and used on a mod- 
erately steep roof, are practically as durable as white pine shingles. 
An important defect of hemlock for such uses is its lability to 
check and split when exposed to the sun. Hemlock laths are 
said to make a firmer and better wall than pine, though harder to 
nail than either the latter or basswood. 


a | 
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Table 3 gives the average mill-run value per thousand board feet 
of hemlock lumber in different States for years for which census figures 
are available. 


TABLE 3.—Average value per thousand board feet of hemlock lumber, by years and States. 


Value of lumber per 1,000 board feet. 


State. 
1912 1911 1910 1909 1908 1907 1906 1904 1899 

Northeastern group: 

“COR A eo ee ee $14.53 | $14.64 | $15.87 | $14.03 | $13.75 | $15.37 | $14.76 | $11.66] $10. 83 

New Hampshire........ 15.08 | 14.89; 14.99} 15.02] 18.98] 15.49] 14.85] 11.72 10. 70 

MPCrMON bese sce oon 15.59 | 14.65; 14.96] 14.38] 14.95 | 16.04] 16.51 | 12.54 10.19 

WEASSACHUSOLUS er =e tee |on ec eek 16. 51 16.59 | 15.59] 13.39] 15.84] 14.88] 138.28 11. 84 

IV GW YOLK: sys ecc, cond 26% 15.98 | 15.50} 16.68} 16.70} 15.00] 20.00] 19.00] 13.96 11.10 

Pennsylvania ........... 15. 41 15.54 | 17..08°|. 17.56 | 16:29 |: 16.42) 17.16.) 12.65 10. 46 
Lake group: 

MICHIPRN co sche c cen ow as Ss 13.19 | 12.44] 12.51 | 11.86) 12.02] 14.79}; 13.40] 11.22 9. 00 

WWISCDUSIN ere ccrases a 13.00 | 13.03 12.25} 12.06 | 12.34 14.60 | 14.43] 11.07 9. 37 
Southern group: 

TRENT WS Se pp aie 14.33 | 14.94] 12.97] 14.53] 16.63) 15.69] 12.98 7. 98 

\ Se ee oe ee 13.75 | 11.25] 13.02] 12.71 | 13.86] 14.49] 13.51 9. 95 

West Virginia ........... 14.64 | 14.66] 14.69] 14.81} 13.68} 15.56] 16.12) 11.52 8. 29 

LRT ey RSE ae ane ee re (ee 12.36 | 12.27 | 18.31 | 13.02 | 14.65 | 12.64] 11.23 9. 05 

PUGHNGSSCO Renee ee Sars. |oee fee 11.89} 10.57 | 18.64) 11.76] 13.72) 13.99] 11.85 8. 97 

MDEbECCaTOlIN Ae: 252505 tose. 2 11. 08 9.73} 11.61 12.07} 12.29) 13.14 9. 51 9. 87 

BEVOUA LO em aa ie wee Sea 13.59 | 13.85 | 13.95 | 13.65} 15.53] 15.31 | 11.91 9. 98 


From table 3 it will be seen that the value of hemlock lumber has 
fluctuated from year to year, both locally and for the country as a 
whole. The price was highest in 1907, and the effect of this upon 
stumpage values during the subsequent years is shown elsewhere in 
this bulletin. There are, of course, local deviations from the average 
values given fora State. In central Wisconsin, for example, an aver- 
age price of about $15.40 per thousand board feet, mill run, prevailed 
in December, 1912. Apportioned by grades this amounted to $17.50 
per thousand for No. 1, $15.50 for No. 2, and $10.50 for No. 3 lumber. 
During 1911 average prices of $15.40, $12.65, and $7.44 per thousand, 
respectively, were received for the same grades by one large firm in 
the same region. Compared with these values the prices paid for 
hemlock logs are high. Prices paid by operators at Wausau, Wis., 
are about as follows: 


i 


Winter of— 
Length of 

logs. 
1912-13 | 1911-12 | 1910-11 

a Meet. 
12 to 14 $9. 50 $7.50 $8.00 
16 to 16 10. 00 8.00 8. 50 
18 to 20 10. 50 8. 50 9.00 
22 to 24 11.00 9.00 9. 50 


The logs were scaled by the Scribner ‘‘ Decimal C.” rule. 
60235°—Bull. 152—15——2 
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PULP. 


In 1905 hemlock formed 11.8 per cent of all the wood used for 
pulp. In 1906 and 1907 it supplied 14 per cent of the total amount; 
in 1908, 17 per cent; in 1909, 14 per cent; and in 1910, 15 per cent. 
During the latter year its consumption was 50 per cent greater than 
in 1905. 

Hemlock pulp is used for news, wrapping, and other cheap grades 
of paper, and is manufactured chiefly by the sulphite process. In 
this process the wood is first chipped and then cooked in a solution 
of calcium sulphite, which frees the fibers by dissolving the sub- 
stances that unite them. The dissolved substances comprise about 
half the original weight of the dry wood, without bark. Hemlock 
also furnishes a small amount of ground wood pulp, but the great 
bulk of this 1s spruce. Ground wood 1s inferior to chemical pulp, 
since the fibers become broken in grinding, while the pulp contains 
the useless constituents which are dissolved out in the chemical 
process. As a result it is mealy and less interlaceable, especially in 
the case of hemlock, the fibers of which are shorter than those of 
spruce. In spite of this, a very serviceable grade of news paper can 
be made from hemlock pulp, 75 per cent ground and 25 per cent sul- 
phite, with almost the strength, finish, and appearance of that made 
chiefly of spruce.' 

Since the value per ton of ground wood is only about $15, as com- 
pared with $47 for sulphite pulp, the former is used as the basis for 
news and other cheap grades of paper, to which a small amount ? of 
sulphite pulp is added for strength. Spruce once furnished prac- 
tically all of both kinds of pulp, and still supplies 90 per cent of the 
mechanical pulp. Its increasing cost has brought about the use of 
cheaper woods in the sulphite process, during which so much of the 
volume is lost. Spruce now supplies less than 60 per cent of the sul- 
phite pulp, while hemlock supplies about 25 per cent. The propor- 
tions of hemlock manufactured by the various processes for the six 
years from 1905 to 1910, inclusive, were— 


Per cent. 
Sulphite process! 2: 22- .- - 4.2? - 24 Jae eee ee TE: 
Mechanical process 42. 2525220 32 2 Bes ee ee 4.5 
Soda process2= 2... 2 o06 22 lao op sae eee eee eee o/h 
Sulphate: process =: —- << 12-02 oe cee ee ie ee - 205 

100. 00 


Hemlock pulpwood is marketed both as cordwood and in the log. 
In Wisconsin pieces 8 inches and over at the small end are ordinarily 
cut in log lengths and sold by the thousand board feet, 1,000 
board feet usually being considered equivalent to 2 cords. Pieces 

1J. H. Thickens: ‘‘Experiments with Jack Pine and Hemlock for Mechanical Pulp.” Dept. of Agri- 


culture, Forest Service Forest Products Laboratory Series, June 11, 1912. 
2The usual proportion is from 70 to 84 per cent ground pulp to from 16 to 30 per cent sulphite. 
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less than 8 inches at the small end are sold by the ‘“‘gross cord,” or 
cord containing 128 cubic feet of stacked (not solid) wood, with the 
bark on. Unlike most cordwood, however, the pieces are not cut in 
4-foot lengths, but usually in lengths of 8 feet, 12 feet, etc., according 
to the demands of the mill to which they are sold. Pieces less than 4 
inches at the small end are rarely accepted. About 65 per cent of 
the wood is sold with the bark on, 33 per cent peeled, and about 2 
per cent rossed. 

The use for pulp of waste material left after lumbering has recently 
been introduced in parts of Pennsylvania (see Pl. II, fig. 2). Hem- 
lock tops and broken and defective logs are peeled, cut into 5-foot 
lengths, piled in the woods, and sold by the cord. The success of 
this practice disposes of the contention that the knots in hemlock 
tops make their use for pulp impracticable. From 250,000 to 260,000 
cords of slab wood and other sawmill waste are now consumed every 
year for pulp. About 85 per cent of this is manufactured as sulphite 
pulp, and practically all the rest as ground wood. In 1908 hemlock 
formed 41 per cent of the sawmill waste used, and its average value 
was $4.07 per cord—about two-thirds that of hemlock cordwood in 
the round. In Wisconsin, sawmills often sell their hemlock slabs to 
the paper mills for $3 per cord, dry, or $2 green. 

The cost and value per cord and per thousand board feet of pulp- 
wood vary somewhat in different regions, and there are constant 
fluctuations due to changing business conditions. The price also 
depends upon whether the wood is sold peeled, rossed, or with the 
bark on. In 1909, according to census reports, wood with the bark 
on sold for $5.98 a cord, while peeled wood brought $6.58, and the 
small amount of rossed wood $12.31 a cord. 

The average f. 0. b. value per cord of hemlock in different regions 
in comparison with other pulpwoods is shown in Table 4. 


TABLE 4.—Average f. 0. b. value per cord of hemlock pulpwood compared with other 
species. 


[Compiled from census reports for 1907, 1908, and 1909.] 


Spruce Poplar 
Region. Year. |Hemlock.| (domes- | Balsam. | (domes- 
tic). tic). 

1907 $5. 68 $8. 55 $7.59 $7.85 
ON a A Le EE ai ae 1908 6.02 8. 76 7.23 8.01 
1909 6 30 9. 32 8. 28 7.96 
: 1907 .10 48 . 30 7.51 
New England... -......-...---22.2-+2-2e0eeeeseeeee ees { 1908 7.18 8,51 7.58 7.54 
1907 6.79 8. 13 9.17 8.25 
New York..---.-----..-2--- 22.222 22e eects eee eeee eee { 1908 7,47 8, 58 8,22 8. 49 
' 1907 5.13 DEIGt aces tans 8. 62 
Penmsylvania....-....-----.-++-+e02eeeeeeeee eee ee eee 1908 5.05 10. 94 9. 53 9.16 
1907 5. 83 9. 88 5. 84 4.45 
Lake States.......--..-.--2--12-2eeeeeee eee teee eee eeee 1908 | 16.36] 10.05 6.39 4.93 


_ 1 During the financial depression of 1908 the market value of hemlock logs in northern Wisconsin dropped 
in some cases to $7 per thousand board feet (equivalent to wean) Pe cord) f. 0. b. cars. No logger would 
eee pec Dulpwood for less, and of this amount, $2.50 would probably go to the jobber to whom the 
work was let out. 
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_ Pulp mills may pay as high as $12 per thousand board feet, in the 
log, and accept crooked logs. This fact 1s important in view of the 
low ‘‘mill run”’ value of hemlock lumber, which is rarely much over 
$15 per thousand board feet at the mill, and for which crookednéss 
is a more or less serious defect. The pulp mills also prefer to receive 
their wood peeled, and will often pay $1 more per thousand board 
feet for peeled than for unpeeled logs. Peeled logs are cheaper to 
transport and more durable than unpeeled ones, and there is no ex- 
pense for rossing. On the other hand, stripping tanbark from saw 
logs often greatly reduces their value, due to the serious checking 
which results. Bark peeling can be done more profitably when logs 
are cut for pulp than for lumber. | 

The value of hemlock cordwood in Wisconsin is about $3.50 per 
cord when logs are selling at $8.50 per thousand board feet, and about 
$4 per cord when logs sell at from $9 to $12 per thousand. The cost 
of getting out cordwood is about $2.50 or $3 a cord. Until quite 
recently hemlock pulpwood stumpage at many places in Wisconsin 
has been valued at 50 cents a cord. | 


TANNING. 


Hemlock bark has been used in tanning practically ever since the 
beginning of the industry in America. Oak bark is preferred, since 
it makes the leather softer, more pliable, and less permeable to water 
than does hemlock; but there is not as much of it, and for many 
years its annual consumption in tanning has been less than half that 
of hemlock. With the introduction of tanning extracts, hemlock 
and oak were the first native species to be used, but after the process 
by which extract could be made from chestnut wood was perfected, 
about 1900, the latter species became the leading source of supply. 
In 1909 it supplied practically half the extract used, while the amount 
supplied by hemlock had fallen to about 3 per cent of the total quan- 
tity. The amount of hemlock bark made into extract was never a 
large part of the total hemlock bark consumed in tanning; in 1900 it 
formed about 1 per cent, in 1907 and 1908 shghtly exceeded 8 per 
cent, and in 1909 had fallen to less than 3 per cent. 

Table 5 gives the total annual consumption of tan bark and extract 
in the United States, with the proportion supplied by each of the 
leading native species, and the value per cord of hemlock and oak — 
bark. The figures are from census reports for different years. For 
convenience, the percentage figures, when they include decimals, are 
expressed as the nearest whole number. 
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Fic. 1.—BARK PEELING TO A DIAMETER OF LESS THAN 4 INCHES IN THE TOP. 


Fig. 2,.—HEMLOCK TOP WOOD AND BROKEN LOGS ONCE LEFT TO ROT AFTER LOGGING 
NOW BRING A GOOD PRICE AS PULPWOOD. 


CLOSE UTILIZATION OF HEMLOCK IN PENNSYLVANIA. 
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TABLE 5.—Consumption of tanning materials: 1900, 1905-1909. 


{Compiled from census reports for these years.] 


Consumption of bark. | Proportion of total. Seen ee per 


Year. EID AS EEE Are aS 
Total. Hemlock. |}|Hemlock.| Oak. {Hemlock.| Oak. 
Cords Cords Per cent. | Per cent 

ERK ahe Ss cece BE acta a lew kleis ise 1,616,065 } 1,170,138 28 $6. 28 $7. 12 
LSE ae Se ae eit ae 15 Meier SS). See meee eee 1, 104, 04 799, 755 73 27 6. 32 10. 44 
UT pe 2 SOR Ee ye eer ee 1,371, 342 931, 152 68 30 8. 49 10. 87 
PRN pene eee ae o ig Lk oe 1, 214, 401 815, 840 67 31 8. 60 10. 51 
TET) ta" EN iene ee eras ee ee 1, 127, 400 810, 231 72 27 8. 89 10. 80 
ODED eS oie aR a 24 te eee ..-| 1,078, 910 698, 365 65 30 9, 21 10. 90 

ossumption of Proportion of total. | Average price per barrel. 

Year. 
_| Hem- Chest- | Hem- Chest- 

Total. |Hemlock. oaks Oak ait leek Oak se 
, Barrels. | Barrels. | Per ct. | Per ct. | Per ct. 
LAU) 2 ee B= es See ae on a 67, 043 12, 812 19 Say aheseaens a SUS: | GOs 4s | ea nee 
EN este ee ee Cee 292, 399 52, 430 18 64 MTG Re a a ks Coat eT en 
TENT EE NORE SE ot CH Sed eh) ee eo 658, 777 68, 811 10 9 39} 12.31}. 9.91 $9. 13 
ES TC ee ee oo thal 729, 599 80, 267 11 8 38 | 12.06] 10.38 9. 51 
EU Ree ET Sean ae Rete eee 4 784, 202 81,617 10 6 S| Ae 780 he 10260 9. 72 
PON aren Se set  ete 773, 635 21, 725 3 10 48} 12.72 9. 52 9. 80 


This table shows that there has been a gradual but steady decline 
in the quantity and an increase in the value per cord of hemlock bark 
used directly by the tanneries. By far the largest part of the hem- 
lock bark and extract used is produced in the States of Pennsylvania, 
Wisconsin, Michigan, New York, and West Virginia, ranking in 
importance in the order named. 

Sales of hemlock bark, though nominally by the cord, are actually 
by the ton, and in most cases the cord must weigh 2,240 pounds. The 
bark is peeled in the spring and piled in the woods. The peelers are 
paid by the bulk cord—8 by 4 by 4 feet. Trees as small as 8 inches 
in diameter breast-high are sometimes peeled, but the bark of small 
trees is thin and light, and rolls up when dry, so that a cord (by 
weight) may be a pile 12 feet instead of 8 feet long. Wisconsin bark 
is thinner and lighter than bark from Michigan, and tanners will not 
pay as much for it. Lumbermen commonly assume that a half cord 
of bark can be obtained for each 1,000 board feet of lumber. This is 
about right for trees 20 inches in diameter. Smaller trees yield more 
bark per 1,000 board feet and larger trees less. Economy in bark 
peeling is rapidly increasing, and trees are now peeled to much 
smaller diameters in the top than formerly (PI. IT, fig. 1). ? 

The volume of bark obtainable from trees of different sizes is shown 
in Tables 18, 19, and 20, Appendix. 
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MINOR USES. 


SHINGLES. 


Because of the prevalence of shake, hemlock is not well adapted for 
shingles, unless these are carefully sawed and well graded. Tt ranks 
seventh or eighth among the species most used. Census figures show 
a steady decrease in the manufacture of hemlock shingles from 1899, 
when nearly 392 million were made, until 1911, when only about 26 
million were produced. These figures correspond to 3.2 per cent and 
0.2 per cent, respectively, of the total annual production of shingles. 


CROSSTIES. 


About 2.5 per cent of all crossties used in the United States are of 
hemlock, which ranks about ninth among the tie-producing species. 
Between 1906 and 1911 the annual production of hemlock ties in- 
creased from 2,058,000 to 3,686,000. Nearly all of these are hewed 
ties and are used by steam railroads. Oak and cedar are more 
durable, but hemlock compares favorably with the other woods used, 
and is said to hold spikes better than the cedar without tie plates. 
The average cost of hemlock ties is from 28 to 38 cents, which is, in 
general, lower than for other species. 

Untreated hemlock ties have been estimated’ to last about 5 years, 
which is also the estimated life of untreated beech, birch, and maple 
ties. The estimated duration of cedar ties is 11 years; of white oak, 
8; of chestnut, 74; of tamarack and spruce, 7; and of black oak, 4 
years. Preservative treatment is said to triple the life of hemlock 
ties. In 1911, 535,255 hemlock ties—14.5 per cent of all produced— 
were treated with preservative, nearly all—98.5 per cent—with a 
mixture of zinc chloride and creosote; the remainder with creosote 
alone. 

SLACK COOPERAGE. 

Slack cooperage is primarily a hardwood industry, and aside from 
pine, which leads in the production of heading and is second in that of 
staves, the conifers are but poorly represented. Hemlock has never 
supplied much material for this industry, and its importance is 
rapidly diminishing. In 1909, which is the last year for which hem- 
lock is listed separately in census statistics, it ranked sixteenth among 
the species supplying the industry, and contributed less than 1 per 


cent of either staves or headings. The annual production of hem-~ 


lock staves is from 10 to 12 millions, and of headings, about 1,200,000 


sets. 
VENEER. 


A very small amount of hemlock—less than 1 per cent— is used 
annually for veneer manufacture. In 1909, hemlock ranked twenty- 


1«“Wood Preservation,’ by W. F. Sherfesee and H. F. Weiss, in Report of National Conservation Com- 
mission, 60th Cong., 2d sess., S. Doc. 676, 1909, p. 663. 
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fourth among veneer-producing species, with an annual consumption 
of 207,000 board feet of logs. Most of the hemlock veneer is made in 
New York, while Maine, Pennsylvania, Ohio, North Carolina, and the 
Lake States contribute small amounts. It is employed chiefly in the 
manufacture of shipping packages of various kinds, laminated or built- 
up lumber, etc. 

Because of heart defect (knots, shake, and decay) hemlock cores 
left after veneer production are of little value for anything but fuel. 


STRUCTURE AND DEVELOPMENT OF THE TREE. 


During youth, hemlock is the most graceful and beautiful of 
eastern conifers. Though young trees in dense shade are usually 
flattened and unsymmetrical, saplings which receive enough hght will 
develop a straight, slender, tapering stem, and a sharply conical, 
symmetrical crown. The terminal shoots and branch tips lack the 
rigidity common to pine, spruce, and fir, and the crown is formed of 
slender, horizontal branches with graceful sprays of branchlets and 
twigs. The branches are rather uniformly distributed over the 
stem, though not in regular whorls, as in white pme. The “leader,” 
or terminal shoot, droops in a direction away from the prevailing 
wind. 

Full-erown hemlocks have very straight, symmetrical, undivided 
trunks: The taper is greater than that of white or red pine, or, in 
fact, of most of its common associates, and is due to the remarkable 
persistence of live branches along the stem. The crown is very long 
and dense and of aconicalshape. In mature trees it commonly covers 
the upper two-thirds of the stem, and may be 60 or 70 feet long by 30 
or 40 in totalspread. Itis formed of slender, horizontal, or somewhat 
drooping limbs, which clothe the tree densely and evenly on all sides. 
When the growth is vigorous and the side shade very dense, the limbs 
of mature trees are killed to a height of 50 or even 60 feet above the 
ground, but the dead limbs are retained tenaciously, so that even 
_ under these conditions an actual clear length of 30 feet is uncommon 
except in very old trees (Pl. I). The mature trunks usually bear 
numerous small, sound, dead stubs almost to the ground, and good- 
sized limbs at 20 or 25 feet from the ground. 

When full grown, hemlock varies in total height from about 100 
feet, in good soil in the western part of its range, to over 160 feet in 
mountainous portions of West Virginia, North Carolina, and Ten- 
nessee. Diameters at breastheight of 3 or 4 feet are now exceptional, 
though trees 5 and even 6 feet in diameter have been measured. One 
tree cut near Hermon, N. Y., measured 115 feet in height, 5 feet in 
diameter, and contained 5,562 board feet.1 Trees yielding 10,000 


1 From the “‘ Paper World,” Jan. 4, 1902. 
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board feet each are reported to have been cut in Tucker County, 
W. Va. Such dimensions sometimes are found to eepond to an 
age of 500 or 600 years. 

The average contents in cubic feet and board feet of hemlock trees 
of different heights and diameters are given in Tables 12 to 17, 
Appendix. In addition, Tables 21 and 22, Appendix, show the diam- 
eters, inside bark, at different heights from the ground corresponding 
to the small ends of 8 and 16 foot logs. 


THE WOOD. 


Hemlock wood is soft, light, stiff, but brittle, not strong, splintery, 
and commonly cross-grained. Its worst defect, aside from a tendency 
to decay, is ‘“‘shake,”’ which is the tearing apart of the wood between 
annual rings caused by the tree bending in the wind. This condition 
is very common, especially in old trees. ‘‘Shaky” lumber splits so 
easily as to be worthless for many purposes. 

In color the wood is light buff with a red-brown tinge. In structure 
it differs from pine and spruce wood in the more abrupt transition 
between the hard, dark summerwood and the soft, light, spring- 
wood, a contrast which gives the lumber a handsome figure. The 
fuel value of hemlock is low, though slightly higher than that of 
white pine. The per cent of ash is 0.46. Sargent! computes the 
specific gravity of absolutely dry hemlock wood at 0.4239, a cubic 
foot weighing 26.42 pounds. The shipping weight per thousand 
board feet of ordinary seasoned rough lumber varies from 2,400 
pounds for 1-inch board to 3,500 pounds for heavy timbers. 


BOTANICAL CHARACTERISTICS. 


BARK. 


The bark of merchantable trees in the Lake States comprises about 
19 per cent of the total cubic volume, and this proportion varies but 
little with the size of the tree. In the Southern Appalachians the 
proportion varies from 15 per cent for 6-inch trees to 19 per cent for 
trees 26 inches and over. When 15 or 20 years old the bark begins 
to break up into thin, partly loosened flakes, or scales, and still later 
becomes traversed by deep, longitudinal fissures. In old trees the 
bark is often 2 or 3 inches thick at the stump, gradually decreasing 
with height to a thickness of from 0.3 to 0.5 of an inch at the point 
where the tree is 6 inches in diameter. It consists of two distinct 
layers, the inner relatively very thin, white, and fibrous, the outer 
thick, deep red, and brittle. 


ROOTS. 


Seedlings form a slender taproot during the first year, which is later 
lost. in the development of lateral branches. These are numerous, 


1C,. S. Sargent, ‘‘Silva of North America,” vol. 12, p. 65, 1898. 
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and the older ones become very large. The latter are covered with a 
thick firm bark, the outer and thicker layer of a pale red color, the 
very thin inner layer white. On the whole, hemlock is a shallow- 
rooted species, and can thrive on very shallow soil. In deep soils, 
however, the roots often penetrate to some depth. 


LEAVEs.! 


The leaves are small, flat, and narrow, and differ from those of 
other northeastern conifers, except Carolina hemlock and _ the 
Canadian yew or ground hemlock, in that their bases are contracted 
into a very short stalk or petiole. (See ¢, fig. 2). They are usually 
from one-third to two-thirds of an inch long and about one-fifth as 
wide. Their color when they first appear is a fresh, light green, which 
soon changes to a dark, lustrous green on the upper and whitish 
ereen on the under surface, where the stomata are located. The 
leaves fall during their third season. 


BUD SCALES. 


The few exterior scales of both flower and leaf buds are thick and 
dark brown in color, while the inner scales are numerous, whitish- 
green, becoming brown with age, thin, but of an exceedingly firm 
structure. The scales remain persistent after the buds have expanded, 
those of the leaf buds not wholly disappearing until the fifth or sixth 
year. Up to this age the persistence of the scales affords a ready 
means of determining the age of a branch. 


FLOWERS. 


In the latitude of central New York the flowers expand about the 
first of June. The male flowers appear in the axils of leaves on 
shoots of the previous year, or less frequently on twigs which are 
two or sometimes three years old (fig. 2). The female flowers are 
borne singly at the ends of the twigs. 


CONES. 


The female flower, after fertilization, grows rapidly, and by 
October becomes the ripened fruit—the cone. (See d, fig. 3.) Cones 
are from one-half to three-fourths of an inch long and of equal breadth 
when dry and the scales expanded, but only half as broad when closed. 
They are pale green in color until maturity, when they become dark 
brown. Only about 20 of the scales in the center of the cone are 
seed bearing, the others being small and rudimentary. In a mature 
cone, when dry, the scales are widely separated from each other, 
standing at an angle of about 45 degrees with the axis, but when wet 
they become appressed and closely overlap each other. 


1 The description of the following parts of the tree are drawn largely from a manuscript report on the 
general structure and anatomy of hemlock by Prof. Atbey N. Prentiss, of Cornell University. 
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Fig. 2.— Tsuga canadensis. a, Branchlet showing staminate flowers in early spring; b, staminate flowers 
fully developed; c, detached staminate flower, enlarged. 
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The cones are extremely sensitive to moisture, a small amount of 
water causing the scales to close rapidly. When thoroughly wet 
the scales of a cone become completely closed, in some cases within 
10 minutes and in most cases within 20 minutes. Even a damp 
atmosphere, without the actual contact of water, will cause the cones 
to close to some extent. 

The advantage to the species of this property of the cone is appar- 
ent. The cones when mature expand their scales so as to permit 
the seeds to escape, but as the latter are attached to a membra- 
nous wing which adheres to or rather forms a part of the inner face 
of the scale, they do not easily fall out. A passing shower or a rain 
causes the scales to close, again to open as the air becomes dry. 
This process continues for many months, with the effect of loosening 
the seeds successively from autumn until spring, and thus a bearing 
tree makes a succession of sowings extending over a considerable 
length of time. As a result the wind, blowing during this period 
from different points, carries the seed now in this direction and now 
in that, and thus a fruiting tree stands in the center of a considerable 
area which it has sowed with seed. 


SEED. 


The seed (see f and g, fig. 3) is about one-sixteenth of an inch long 
and about two-thirds as broad. The attached wing, an exceedingly 
delicate and almost transparent membrane, extends about a fourth of 
an inch beyond the end of the seed, and is an eighth of an inch broad 
at its widest point. On the under side, next to the cone scale, are a 
number of minute glands or vesicles, usually from 4 to 8, each con- 
taining a minute drop of oil. The seed of the Carolina hemlock has 
15 or 20 vesicles, which are much smaller in size than those of the 
common species. 

According to Forest Service determinations, there are about 
400,000 clean seed (without wings) per pound. The seeds weigh 
1.13 grams (0.04 ounce) per 1,000, and the germination per cent is 


from 30 to 60. 
MANNER OF GROWTH. 


In the climate of central New York the growth of a vigorous tree 
usually begins during the first half of May. The terminal buds are 
the first to open, and in about two weeks develop into shoots a half 
inch long, thickly set with the half-grown, yellowish-green leaves. 
The dark-green twigs and branches appear as though fringed with 
gold; and it is now that the hemlock tree takes on its most striking 
and peculiar beauty. The shoot continues its growth during the 
season, being constantly tipped with a rosette of small, forming 
leaves, while those previously formed are scattered on the constantly 
growing stem. 
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¥it. 3.—Tsuga canadensis. a, Seedling a few days old; b, seedling, one month old; c, seedling, one year 
old; d, mature foliage and ripe cones; e, lower side of detached cone scale; f, upper side of cone scale 
with its seeds and views of latter detached; g, lower side of seed showing resin glands (twice natural 
size). 
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The stem does not grow throughout its whole length, but at a 
certain point it becomes mature, and growth ceases. During the 
season this point lies something more than an inch back from the 
tip, and is constantly moving forward as the stem grows, until at 
the close of the season it coincides with the end of the stem. 

While the shoot of the season is growing in length, it is also at the 
same time developing lateral growths or branches. (See a, fig. 2.) 
These lateral growths begin to appear about the middle of June, in 
the form of minute rosettes of leaves similar to that at the end of the 
main shoot, and growin a manner similar to the main stem, only far 
more slowly. In vigorous plants the main shoots often reach a length 
of 8 to 12 inches, while the strongest of the lateral shoots scarcely 
reach an inch in length. 

Winter buds begin to form about the middle of September at the 
end of the main shoot and of its branches, and also in the axils of 
many leaves of the main shoot. 

The tree reaches its fruiting stage usually when from 20 to 40 years 
old and from 15 to 25 feet in height. The staminate flower buds 
begin to develop about the Ist of July and by the last of the month 
have become well formed. In general appearance they resemble the 
lateral leaf buds, but are twice the size and more conical in form. 
Sometimes every leaf, or at least a portion of a flower-bearing shoot, 
has a flower bud in its axil. 

The pistillate flower buds also begin to develop early in July, but 
grow more slowly than the staminate buds. When fully formed they 
are about the same size as the latter, but their exterior scales are of 
a much firmer texture and deeper brown in color, while their bases 
are covered with the overlapping scale processes of the neighboring 
leaves. Though both kinds of flower buds occur on the same general 
branch, they are both rarely borne on the same shoot. In other 
words, while the plant as a whole is monecious, the shoots of the 
season are dicecious. 

A wide difference exists in the vigor and size of flower-bearing and 
leaf-bearing shoots. On young and thrifty trees the latter are often 
8 to 10 inches in length, while on trees of fruiting age they rarely 
exceed an inch or an inch and a half in length. 


ASSOCIATED SPECIES. 


In one part or another of its range hemlock grows in mixture with 
a number of tree species. There are, however, four kinds of forest 
in which it is a characteristic and important element; hemlock in 
mixture with either yellow birch, beech, or sugar maple, or with all 
three; hemlock with white pine; hemlock with red spruce; and hem- 
lock in practically pure stands. Other species than those just men- 


22 BULLETIN 152, U. S. DEPARTMENT OF AGRICULTURE. 


tioned are always scattered through these forests, and an -extra 
abundance of one or more of them in mixture with hemlock may 
give rise to distinct local forest types. Among such species are white 
spruce, balsam fir, white and rock elms, basswood, paper birch, sweet 
birch, red maple, and black cherry. In the South, yellow poplar, 
shagbark and shellbark hickories, white, red, and post oaks, and 
cucumber often grow with hemlock in the coves, while black, scarlet, 
and chestnut oaks, pignut and mocker nut hickories, and chestnut are 
its usual associates on slopes and ridges. 


EFFECT OF LIGHT, SOIL, AND MOISTURE ON THE COMPOSITION OF 
_ THE STAND. 


The heavy foliage of hemlock adds greatly to the density of any 
stand in which the tree grows. Since it will endure a heavier. 
shade than any of its associates, hemlock finds little difficulty in 
establishing itself under them, even when. their crowns form a fairly 
dense cover. For this reason the forests of which it forms a princi- 
pal part nearly always contain trees varying widely in age and size. 
This is especially true when it grows in mixture with species like 
beech, sugar maple, spruce, and balsam, which are also shade enduring. 
Trees like white pine, which require more light than hemlock, can 
succeed in mixture with it only by growing more rapidly and to a 
larger size, thus keeping their crowns above or at least as high as 
those of the hemlocks. In mixed stands of white pine and hemlock 
there is usually a dense understory of the latter species, which is the 
only one able to establish itself in the shade of the crowns. In this 
way hemlock is able to creep into stands of pine and other species, 
and by its superior shade endurance gradually assume predominance. 
CPISstlT:) 

Under the particularly dense shade of hemlock and spruce stands, 
and in thickets of rhododendron and other heavy-foliaged undergrowth, 
hemlock seedlings find it exceedingly difficult to survive, and the few 
which do survive grow with extreme slowness as long as the shade 
remains heavy. (Pls. [Vand V.) When, however, light is admitted 
not too abruptly they rapidly recover from suppression. 

Hemlock is essentially a tree of fresh or moist soils; in other respects 


its soil requirements are not exacting. In mixture with hardwoods _ 


it usually grows on loamy soils, ranging from sand loam to clay loam, 
rich in decayed vegetable material; and with white pine on sandy 
soils, well mixed with humus. Hemlock will grow on limestone soils, 
if not too dry, as well as on moist, almost swampy, loamy clays. 
Like all its common associates, it does best on deep, fertile, moist, 
but well-drained soils, where it and the hardwoods tend to crowd out 
the more light-needing white pine. 
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The shallow roots of hemlock are extremely sensitive to drying out 
of the surface soil, which in part accounts for the death of trees ex- 
posed to increased light, as when a road is cut through the woods, or 
near-by trees are removed in lumbering. 

In mountainous regions hemlock usually occupies the cool, moist, 
northerly and easterly slopes, coves, benches, and sides of ravines, 
often reaching the edges of streams, but avoiding extremely wet and 
swampy places. On north and east slopes of ridges it often ascends 
to the crest, and may grow along the edges of rocky cliffs and bluffs. 
In New Hampshire it ranges from near sea level to about 2,400 feet, 
but in Georgia and Alabama it is not found below an elevation of 
about 800 feet, and reaches this level only in cool and humid situa- 
tions. 

REPRODUCTION. 


Hemlock is a prolific seed bearer, but reproduces poorly. Trees 
receiving a moderate amount of light begin to bear seed when from 
30 to 50 years old. As a rule seed is produced abundantly every 
two or three years, but ordinarily only from 30 to 60 per cent of the 
seeds are fertile. The cones mature in a single season, and the seeds 
fall from them during the late autumn and winter, germinating in the 
spring, from March to the end of May. On account of their small 
size and their large, membranous wings, the seeds may be borne con- 
siderable distances by the wind. They will germinate and take root 
in poorly drained situations, on moss-covered logs and decayed stumps 
as well as in fresh, mineral soil; but the best seed bed is a moist, well- 
decomposed leaf litter in which the seeds become completely buried. 

Too much or too little shade will lull hemlock seedlings. Yor this 
reason reproduction is rarely found either under the heaviest shade 
of the parent trees or in clearings and burned-over areas, but is 
usually abundant in the more open portions of the hemlock forest 
or under the lighter shade of hardwoods or pine in mixture. If the 
water in the soil is not stagnant, more seedlings will survive in very 
moist than in relatively dry situations. The seedlings grow best 
when in deep, moist layers of mellow decaying leaves and twigs 
overlying fresh but well-drained loamy soils. The decay of the 
leaves and twigs breaks down their chemical structure and releases 
various food materials for the seedling hemlock. These materials 
become available largely or only through the agency of certain 
fungi, called mycorrhiza, which exist as felted layers of fine, thread- 
like mycelium, completely inclosing and even penetrating the root- 
lets. Many of the threads extend out into the mass of decaying 
humus, and through these the products of decay are conducted from 
the decomposing leaves to the felt, and thence into the rootlets, 
where they become serviceable for nutrition and growth. It is 
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probable that the best conditions for the development of hemlock 
mycorrhiza exist where the soil is sweet or only slightly acid and 
where a good crown cover is maintained. 

Hemlock reproduction is rarely found in clearings, a condition for 
which fire is chiefly responsible, though other causes, such as intense 
sunlight and evaporation, no doubt play a part. Fire, however, 
while actually promoting thereproduction of many species by exposing 
the mineral soil, may at the same time entirely prevent that of hem- 
lock by destroying the organic constituents of the forest soil. In the 
relatively few hemlock regions from which fires have been kept out 
after logging remarkably thrifty stands of second growth have often 
developed. Such second-growth hemlock in the Tionesta Valley and 
elsewhere in the northern Alleghenies is undoubtedly due to the 
absence of fires in these localities in the past, while the entire absence 
of hemlock in other localities as favorable to its growth can be 
attributed to the burning of seedlings and soil. 

Even-aged stands of hemlock second growth are very rare. Small 
eroups occur in protected valley bottoms and lower slopes in the 
Allegheny and Catskill Mountains. One of these, which occupied a 
few square rods in a ravine bottom, was 40 years old and contained 
about 12 thrifty trees per square rod, the dominant ones 30 feet high 
and 3 inches in diameter. The stand was very dense, and there were 
many small dead trees which had been killed by the shade. 


RATE OF GROWTH. 


Under the shade of the mature forest the growth of the average 
hemlock is extremely slow. The period of suppression commonly 
lasts from 30 to 70 years, but if the shade remains dense it may con- 
tinue for more than 200 years. Even at an advanced age, however, 
a suppressed tree will respond to an increase in its light supply by a 
proportionate increase in its height growth. If it ultimately attains 
a dominant position in the stand with plenty of heat, it will grow 
fairly rapidly in diameter and volume. 

Individual hemlocks show a wide variation in rate of growth, 
according to the amount of light they receive. Trees of the same 
diameter in the same stand may differ in age by more than a century. 
The average growth of hemlock obtained from measurements of 
many individual trees therefore represents many different degrees of 
suppression and does not indicate what a tree would do if given full 
light. The maximum growth, similarly obtained, more closely 
resembles the growth of a tree in the open, though even here the 
retarding influence of suppression is felt to some extent. 


1Cf. ‘Roots of the Hemlock,” by S. H. Harlow, in Jour. N. Y. Bot. Gard., July, 1900, Vol. I, No.7, 
100-101. 
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PLATE Ill. 


THE STORY OF THIS POLE STAND OF HEMLOCK IS TOLD BY THE WHITE PINE STUMPS IN THE FOREGROUND. 
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Group OF MATURE HEMLOCK, MITCHELL CouNTY, N. C., SHOWING HEMLOCK AND 
PINE REPRODUCTION COMPETING WITH RHODODENDRON. 
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Local variations in growth are also caused by climate and the 
quality, depth, drainage, and moisture of the soil. Growth is most 
rapid on the best soils. Hemlock is especially favored by a temper- 
ate, humid climate and long growing season, combined with moist 
but well-drained soils—conditions which it finds in the coves and 
slopes of the southern Appalachians. 

Tables 8 to 11 show the growth of hemlock in localities in various 
parts of its range. The tables give the maximum, minimum, and 
average rates of growth in height, diameter, and volume, and are 
based on measurements of many forest-grown trees differing widely 
in amount of suppression. Though not based on crown-class dis- 
tinctions, the maximum figures may safely be regarded as represent- 
ing the average growth of dominant trees on good soil, and the mini- 
mum that of suppressed trees which have reached merchantable 
size. The average figures, however, may represent the growth both 
of trees of the middle crown classes and of dominant trees in situa- 
tions of poor quality. These data were averaged separately for 
diameters, heights, and volumes, so that only an approximate 
relation exists between the values for any given age. Furthermore, 
the variation in height and volume among trees of a given diameter 
is considerable, as shown by the volume tables in the Appendix. 


TaBLE 8.—Growth of hemlock in Leelanau County, Mich.) 


Diameter, breast-high. Height. Volume. 

Age. Inches. Feet. Cubic feet. Board feet. 
Mini- | Aver-| Maxi- | Mini- | Aver-| Maxi- | Mini- | Aver- | Maxi- | Aver-| Maxi- 
mum. | age. | mum. | mum. | age. | mum. | mum. | age. | mum. | age. | mum. 

Years 
20 0.3 0.7 2.0 6 8 E33 eh eyes bse et al Ie en ested] ssi goa] ae yey ae 
30 a6 1 BS: 3.9 7 12 eA | tae a se set a] Nee, cna. lralonkbnbepal [ake oh a 
40 .9 pena 5.7 8 16 COIS ERR Phare ee Nee AS PA AN fetes, sel bara 
50 13 2.9 7.6 10 20 Dol aeecseaesl| eaerae GuGhleosses 13 
60 1.6 3.8 9.4 11 25 GOH ecole cc DRA ates 31 
70 2.0 4.7 WA 13 30 74) Sa FeAl Bee oO ee 205O0N\S a2 eoee 56 
80 2.4 Henk 12.8 14 35 (Os BR Sasene 1.8 29 Ona s 80 
90 ahh 6.7 14.5 15 40 Soe Neaseoee 3.6 OBOE Op ecees sate 130 
100 Aa! 7.8 16.1 lei 44 Soe lhawcaice 5.9 50. 0 7 180 
110 3.4 9.0 17.7 18 49 SSO. 9.2 64.0 20 240 
120 3.8 10.0 19.4 20 53 PS 12.5 78.0 35 320 
130 4.3 11.2 21.0 21 57 Oe eee U7eal 94.0 50 410 
140 4.8 12.3 22. 6 23 60 OGy ess oe tke 22.0 112.0 67 500 
150 TAR: 13.4 24, 2 25 63 98 1.0 28. 0 131.0 86 600 
160 5.9 14.5 25.7 27 66 100 1.8 34.0 152.0 110 700 
170 6.6 15.5 27.2 29 68 102 2.6 40.0 174.0 130 810 
180 MeaelecLOs Or cous cise 31 ON) Seas os Ska AIO esas ces 150 910 
190 8.0 Jebel rang soe 33 (PT aap eae 4.6 7 BCE ae Ses 180 | 1,020 
200 8.7 esa eS Pe 35 f(a ae ee 5.9 GL Ores ecsest 210 | 1,130 


1 Based on measurements of 186 trees, 109 to 325 years old, made by S. J. Record in 1905. 


é 
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TaBLe 9.—Growth of hemlock in the Southern Appalachian Mountains. 


Diameter breast-high—inches. Height—feet. 
Slope type. oe Slope type. pone 
All types. All types. 
Age. West | mon. Rie est Ten- | North 
ir- aro- ir- Caro- 
ginia. | Messee. | Jina, ginia. | 2°SSe®- | Jing 


Mini- | Maxi- | Aver- | Aver- | Aver- | Mini- | Maxi- | Aver- | Aver- | Aver- 
mum. |} mum.| age. age. age. | Mum. | mum. | age. age. age. 


fl, | | 


Years 
Dn nee Visa Us be es One 4.0 0.4 Oil sene| ban socs 3 Ranma a al [anette os (ON es oe 
i (fol Be Uy Seer ee s¥i 6.7 9 9 eal 9 AUS |i wi 9 15 
VT eS gee hee a a2, 9.0 13 1.9 PAs ll 53 11 16 93 
EU ag ears era 1.8 5 i Lay 1.9 3.0 3.4 14 63 14 23 30 
OU ais AP see ES 13.1 2.4 4.1 4.7 16 71 17 30 36 
10 eee Pree Ee 2.8 15.0 2.9 8: 6.2 19 79 20 37 42 
SOE eee ta £2 3-0 16.9 3.6 6.7 7.6 21 86 24 44 47 
OO eee Mein tae 3.8 18.8 4.2 8.0 9.1 23 92 27 51 53 
10032 eos ees 4.3 20.6 4.9 9.4 10.5 25 98 31 58 58 
TIO See Se ee 4.8 2200 5.6 10.7 11.9 28 103 34 64 62 
1903s 25-4. ee ee as: S 5.2 24.3 6.4 11.8 1322 30 107 39 69 66 
TSO ee to eat Nae SF 5.6 26.2 (AS: 12.9 14.5 32 111 43 73 70 
AAQG ee SARS peo 6.0 28.0 8.1 14.0 1525 34 114 47 77 73 
1 RG" | a Ben ae dt NSE ah, oe Me 6.4 30.0 8.9 ital 16.5 35 117 51 81 76 
1GO ASRS ere ee 6.8 31.9 O59 16.1 17.4 37 120 56 84 78 
Ly (ieee 0 See eer (Bp 33.8 10.9 17.1 18.3 39 122 60 87 81 
TSO Bee ee oe Maa 7.6 35. 7 11.9 18.1 19.2 4l 125 64 90 83 
190 Pe. ON en oe 2 8.0 37.5 IVE viel A 20.0 43 127 67 93 85 
D0 ees ea eee Ee 8.3 39.5 1325 | 20.0 20.7 44 129 70 95 87 
Volume—cubic feet. Volume—board feet. 
Cove Cove 
Slope type. type. Slope type. type. 
| AL 
Age. ne: West | -men- | North | types. | West | mo, | North 
Vir-_ | nesseo, | C8l0- Vir- | posses. | Cat0- 
ginia. ‘| lina. ginia. ee. | lina. 
Mini- | Maxi- | Aver- | Aver- | Aver- | Maxi- | Aver- | Aver- | Aver- 
mum. | mum. | age. age. age. | Mum. | age. age. age. 
| | 
Years | 

DV are ee ee. eee (ears one Seen Sem or Dod baat eaaa see ohooc Sacacnc| SocuasaclogocsooS 
Se re oe rhe earn ee aes Fe Fal (angrier Peete Le SONY al [re ae ope lee oh bE a ae 
Vi\yei eee. Core HL eta Cate lear ees LOSSES Bees a eee a ae AlN ae ss Sepa | Nemeth ree a eR ee ao 
SO eps ne rt ees ee aes Dae cero DONT iis eee ape Pees eee SO pea Se al panes ee aes ea 
GOs era ink ea eae He eee 31504|2 5. be lees Raeas G Sill ee eee Cote eee ee 
o(V pyer pata nn MeEL Sar See an (8 Ra t HWA AQ G eon wae U5 | Suu 1770) (tse ase a ba Ba a ee 
tS 0 aia et A ok ar ri ities Remi, Be) Isp eB ilies 62,0 nee 4.2 | 6.2 a Sk 0 Je hiccaearen ere asl aaa Ah = eae 
O() Seiaes 2 AS: te eg Pn Re ie Bae MS ae S2AO TSE cea 8.0 10.5 ZOOR Peete aye ek ee (ee he 
LOO Se oe ee ee ee aoe 105,05 S25) eer 12.4 15.9 SE Oe he ete Oe es ae 14 
PEO SRS Roe. Rea Ea ee bee es 130.0 ier 17.9 22.0 4505 |e eee 20 34 
R20 ae ae a a eek 122 157.0 3.0 24.0 29.0 $60) a ts 39 56 
Ose eee Se ee eee 1.6 188. 0 4.8 31.0 36.0 (CAU A ee 60 79 
1:1 Ja 1 anes Me ea on, hs eS Psp? 220.0 7.0 38.0 44.0 O1LOb eee 85 100 
15 U0 Cerne Dh ee ae ge, Behe ber | 2.8 257.0 10.0 46.0 52.0 LU ASOU Geass" 110 130 
AGO SSeS bt eee eee Ay) 297.0 ips, 54.0 60.0 1, 380 10 150 160 
VOR SF Sa eee eee 4.3 340.0 1 ey/ 64.0 68.0 1, 650 22 190 200 
VSO Rac Sees ee os Si ee 5.2 381.0 22.0 74.0 77.0 1,920 39 230 250 
218 [0 Rete pee hee hc Cocnbaeg 6.1 422.0 27.0 86.0 86.0 2,170 58 270 300 
ZO Bs eee EE ee ee. Teak 460.0 32.0 | 98.0 94.0 2.400 80 310 350 


} 


1 Based on the following data, collected by Walter Mulford, 1905-1906: 


West Virginia, Greenbrier County.......-....----- 47 trees, 137 to 200 years old. 
Tennessee, Johnson County... 2-2-6 22 sees nee 131 trees, 111 to 200 years old. 


North Carolina, Mitchell County............------ 308 trees, 89 to 200 years old, 


THE EASTERN HEMLOCK. o7 


TABLE 10.—Growth of hemlock in Otsego County, N. Y.} 


Diameter breast-high. Height. Volume. 

Age. Inches. Feet. Cubic feet. Board feet. 
Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- | Aver- | Maxi- | Aver- | Maxi- 
mum. | age. | mum. | mum.| age. |mum.]} age. | mum.| age. | mum. 

Years. 
DO Ee eye Os 0.4 Alay eee 7 TOY Gee |e rhea en as es ite Pall coe Bes eee eat eee octet 
30 0.1 39 2.9 5 10 DAS ah a ae ea epee ch ga Mati ee OU A A 
40 zo 1.4 4.4 6 13 BOE cpa Th Ls Se oe SI AAO Stary. [cere ato alae 
50 5 1.9 5.9 7 16 AQ Ree crates DEF Sate la ae a 
60 ay 2.0 7.4 8 20 OS Mace (ie Fale a Soh ead 
70 9 3.3 8.9 9 24 66 aeeee eee TLE. tee 30 
80 a ak 4.0 10.5 10 28 (es Beem 1 fae] Lae Ae ek 55 
90 1.3 4.7 1 PR | Vat 32 OE era ee 2050, aca 86 
100 Les 5.5 13.8 13 36 84 sve DONOR Peeeee ae 120 
110 1.9 6.4 15. 4 15 40 88 ayal Ble Oi eee caetee 170 
120 2.1 Th) veal 16 45 9t 5.0 OSU eesedose 230 
130 2.4 8.3 18.7 17 50 94 7.9 75.0 16 300 
140 rk 9.4 20. 4 19 54 97 valet 91.0 29 380 
150 3.0 10.5 2201 20 59 100 15.5 108. 0 44 480 
160 3.3 11.6 23.9 22 63 102 20.0 126.0 61 590 
170 Bod W257 25.7 23 66 105 24.0 145.0 80 710 
180 4.1 1359 27.4 25 69 Rees PAL (Yet ae aes i 100 850 
190 4.4 14.3 29.1 27 Gil epee ere ks 34508 | Pemeeeene 120 | 1,000 
200 4.9 plsysat 30.9 29 (PW EAB SH BOLO Rees exe 140 | 1,150 


1 Based on measurements of 176 trees, 48 to 420 years old, made by J. G. Peters in 1902. 
TaBLE 11.—Growth of hemlock in Vermont.? 


(Average.) 


Diameter 
Age. preast-high. Volume. 


Years. Inches Bd. ft 
130 CASA SESeeseees 
140 8.0 34 
150 9.0 48 
160 10.2 69 
170 11, 4 100 
180 12.6 140 
190 13.9 180 
200 15.2 230 


~ 


2 Data contained in Vermont Experiment Station Bulletin 161, ‘‘Hemlockin Vermont,” by A. F. Hawes. 
Volumes scaled by Vermont rule. 


SUSCEPTIBILITY TO INJURY. 


As before stated, hemlock is extremely sensitive to sudden changes 
in the density of the forest. Middle-aged and full-grown trees appear 
to be the most susceptible. 

‘The most destructive of the insect enemies of hemlock is the flat- 
headed eastern hemlock bark borer, Melanophila fulvoguttata Harr. 
According to Mr. H. E. Burke * this insect “has caused the death of 


3 ‘Injuries to forest trees by flat-headed borers.”? Yearbook of the Department of Agriculture, 1909; 
pp. 405-406. See also following articles by Dr. A. D. Hopkins: 

“‘Catalogue of exhibits of insect enemies of forest and forest products, etc.,” Bul. 48, Bureau of Ento- 
mology, U.S. Department of Agriculture, 1904, p. 38. 

*¢On the study of forest entomology in America,’’ Bul. 37, Bureau of Entomology, 1902, p. 22. 
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a large amount of hemlock timber throughout the Appalachian and 
Northeastern States. It mines the bark on living, injured, and dying 
trees and kills them outright or hastens their death.”’ Whenever 
large quantities of hemlock are found to be dying, search should be 
made for the work of this insect, and, if found, special advice in 
regard to combating it should be obtaimed from the Bureau of Ento- 
mology, Division of Forest Insects. 

Hemlock is comparatively free from serious parasitic fungous 
diseases. Damping-off, the great enemy of many conifers in the 
seedling stage, is almost unknown with this species. While there 
are several diseases of the living tree, they seem never to occur in 
serious epidemics. This is no doubt largely due to the fact that the 
tree usually grows in mixed stands. The timber when cut is very sus- 
ceptible to decay, and a large number of saprophytic fungi attack it.1 

The shallow-rootedness of hemlock makes it very susceptible to 
fire. A ground fire which burns through the humus will usually kill 
hemlock trees, though deeper-rooted species may escape with slight 
injury. Even asevere surface fire may dry out the humus or damage 
the roots sufficiently to kill the tree outright, or at least to lay it open 
to attack by fungi and insects. Severe crown fires are invariably 
fatal. Fires of all kinds are most to be feared after logging opera- 
tions in adjacent timber, when the ground is covered with the dry 
and highly inflammable tree tops and branches. The best safe- 
guard is to burn this débris under conditions making it impossible 
for the fire to escape. The danger can be lessened by lopping away 
all branches from the tops, and either piling them or scattering them 
close to the ground. 

Because of its relatively short, stout, tapermg trunk, hemlock is 
less subject to windfall than its Shallow root system ould lead one to 
expect. Where it grows as an understory among taller neighbors it 
is rarely thrown except by winds strong enough to overthrow all 
species alike. Severe damage is often done, however, to stands con- 
sisting principally of hemlock, especially when located on shallow 
soil and in situations exposed to the wind. In September, 1896, a 
heavy storm near Wilkes-Barre, Pa., blew down over 6,000,000 feet 
of hémlock in one tract, and similar cases are not uncommon. Where 


the roots are fairly secure, the trunk or the crown may be snapped | 


off by severe winds. 

The most common and in the aggregate the worst injury to hem- 
lock from wind is the so-called ‘‘ wind-shake,’”’ which is a separation 
of the rings of wood caused by the tree being rocked back and forth. 
Wind-shake is always found in the butt, which is thereby rendered 
Forest Pathology, Bureau of Plant Industry. Further information on fungous injury to hemlock is con- 


tained in ‘‘ Diseases of the eastern hemlock,’’ by Dr. Spaulding, in Proc. Society of American Foresters 
Vol. IX, No. 2, pp. 245-256. 
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unfit for lumber. In connection with the prevailing “butt rot,” 
this has made necessary the custom of cutting high stumps and sawing 
off the butts until they reveal solid wood. Where there is a market 
for pulpwood, high stumps and butts left in the woods represent a 
ereat deal of unnecessary waste. 


HEMLOCK IN FOREST MANAGEMENT. 


Hemlock grows too slowly and is of too little commercial value to 
be recommended for planting or for encouragement among natural 
second growth as a timber tree. An understory of hemlock, how- 
ever, like one of spruce or fir, is useful for soil protection, especially 
in stands of oak, chestnut, pine, and other species, when these do 
not themselves cast a sufficiently heavy shade. As a decorative tree 
for parks it is very desirable, and its heavy foliage and shade endur- 
ance give it exceptional value for the protection of stream sources. 

The management of hemlock will ultimately be restricted to lands 
useless not only for agriculture but also for growing many kinds of 
commercial timber. Poorly accessible mountain lands, where log- 
ging is difficult and expensive, can well be devoted to raising hemlock 
and other slow-growing timber through long rotations and to large 
sizes. The expense entailed by such a procedure, however, will ordi- 
narily be too great to warrant private investment, and the manage- 
ment will therefore be a State problem. ~In such places lumber pro- 
duction will tend to become secondary to protection as an object of 
management. 

Hemlock’s tolerance of shade adapts it for growth as a subordinate 
stand among other kinds of timber. In such cases it materially in- 
creases the yield per acre and at the same time protects and enriches 
the forest soil, thereby tending to accelerate the growth of the other 
species. 

To increase the proportion and accelerate the growth of hemlock 
_in the mixed stands where it is now found, the selection (‘‘single- 
tree’) method of management is best. This involves the removal at 
stated intervals of scattered mature trees or small groups of trees, 
and should not open up the stand enough to endanger it from wind- 
fall or from too sudden access of light and air. On steep slopes the 
cutting must be especially light, to prevent erosion. Besides accel- 
erating the growth of the hemlock understory by admitting light, the 
system also insures a constant growth of timber without the long, 
unproductive period of reestablishment which follows clear cutting. 
In all selection cutting the branches should be lopped and scattered. 

Pure or nearly pure hemlock second growth should be thinned 
very lightly and often, so as to insure to each tree a good supply of 
light and growing space. Additional thinnings should be made when- 
ever the crowns close together. 
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A great deal of the remaining old-growth hemlock timber occupies 
fertile soil, suitable either for agriculture or for raising timber crops 
of rapid-growing species. The expense of selection cuttings to favor 


hemlock on lands of this quality is not warranted. Clear cutting, 


therefore, is the best in such cases. Attempts to secure hemlock 
reproduction in the ensuing second growth, however, are obviously 
out of place. Unless the land is claimed for cultivation, some of 
the more rapid growing species which appear in the second growth 
are usually of more promise as the principal crop. 

The management of hemlock on level lands thus becomes a prob- 
lem of the best use of the existing timber, with no special effort to 
secure hemlock reproduction. What constitutes best use is deter- 
mined by market and labor conditions in any given region. The util- 


ization of all species constantly becomes more intensive, and the pre- . 


mium once placed on waste both in the woods and at the millis growing 
less as new uses are introduced and the value of wood increases. 
Paper-pulp and fiber-board manufacture has presented good opportu- 
nities for profitably disposing of waste. In some regions hemlock is 
going into pulp instead of lumber. Itisin connection with pulpwood 
logging that tanbark gathering can be done most economically, since 
peeled logs are more suitable for pulp and less suitable for lumber 
than unpeeled. The use of hemlock for pulp has the further ad- 
vantage that it includes crooked and small logs of little or no value for 
lumber and of knotty tops and broken and defective logs that would 
otherwise be left in the woods to rot. Quantities of hemlock slabs 
are now sold to pulp mills by sawmills; but much low-grade hemlock 
lumber is still produced, the value of which is often less than that of 
an equal wood volume made into pulp. Among the economies of 
the future one of the most important will be a closer discrimination 
between logs and portions of logs which will make high-grade lum- 
ber and those which will pay better for pulp. 


APPENDIX. 


Tables 12 to 15 show the volumes of average hemlock trees, in board 
feet, Scribner rule, in the Lake States and the Southern Appalachian 
region. These are based both on the total height of the tree and on 
the number of logs. Table 16 gives both the cubic-foot and the board- 
foot volumes (by actual measurement, not by log scale) of small- 
sized hemlock in northern New Hampshire. Table 17 gives the mer- 
chantable cubic volume of hemlock (including bark) in the Lake 
States. Cubic volumes may be reduced roughly to cords by dividing 
by 90. The volume without bark can be obtained approximately by 
deducting 19 per cent from the total volume for Lake States figures 
and the following per cents for Southern Appalachian measurements: 


Bark volume 


Diameter 5 = 
oaia = in proportion 
breast-high. | 46 ¢otal volume 
Inches Per cent. 
6- 9 15 
10-15 17 
16-21 18 
22-27 19 


TABLE 12.— Volume of hemlock, in board feet, Wisconsin ( Marinette and Vilas Counties) 
and Michigan (Gogebic County). 


[Based on total height of tree. Scaled by the Scribner rule.] 


Height of tree—feet. 
Diam- veler 
ie 30 40 50 60 70 80 90 100 inside | Basis. 
east- bark 
high. 
of top. 
Volume—board feet. 
Inches Inches. | Trees. 
8 5 7 13 20 25 SOc ee a3 ea a ea. 6 53 
9 8 14 22 29 35 AQ Pie 0 hale ie ed 6 72 
10 12 22 32 40 47 ESS series, Bel Opie Bs Ce 6 56 
11 16 29 42 51 60 67 TO Gy. 6 53 
12 20 37 53-1 164 76 84 OSA, 22 ue 7 46 
13 25 46 65 78 94 100 TWOP ea keene 7 35 
14 30 56 Cie 95 | 110 130 LAD bears peas 7 18 
15 36 65 90} 110); 130 150 AGO a2. 8 31 
16 41 76| 110) 1380] 160 180 190 200 8 25 
cS) pee 87 | 120] 150] 180 210 220 240 8 30 
Teo 100 140 180 210 240 260 280 8 14 
ih ee 8 Ace 160 200 240 280 300 320 9 16 
7A ee | 180 230 280 310 340 360 9 20 
27 age (Ley eae 200; 260! 310 350 380 410 9 11 
OSPF sol SOS A) ae 220 290 350 390 430 470 10 13 
Pan ae RETO Since a 330 | 380 440 480 520 10 4 
VA aloo cosets. Se 360 420 490 540 580 10 6 
DOP ae EW Leah S00" 5 390 | 460 530 600 650 10 9 
| ets tS ee 430 510 580 660 720 11 4 
ET on ee ek | ce a eg 470 550 640 720 790 11 8 
OS beet Eee seed 500 | 590 690 780 870 11 6 
DeWitt 2 ANE SE ed ee 540 | 640 750 850 940 11 3 
DO eee Pie asa 570 | 680 800 920 | 1,030 12 1 
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TABLE 12.—Volume of hemlock, in board feet, Wisconsin ( Marinette and Vilas Counties) 
and Michigan (Gogebic County )—Continued. 


Height of tree—feet. 
Diam |---| Diam- ‘ 
eter eter : 
breast- 30 40 50 60 70 80 90 100 inside | Basis. 
high bark 
of top 
Volume—board feet. 
Inches Inches.| Trees. 
5 3 (as eet (yest ees ers 720 860 990 1,110 12 2 
B25) Sree AE BeBe Soon a | eee 760 930 1,070 1, 200 12 1 
Sogl zc cools oe Secleecees eee 810 990 1,140 1, 290 12 3 ° 
BA 4 Eee eee tees 850 | 1,050 | 1,220] 1,380 13 1 : 
S52 ssc cle ces aal, el Be tes: 1,120 | 1,300] 1,480 13 1 
36 sacs: cel occa alase 5 cee 1,180 | 1,380] 1,570 13;-len eater 
= 7 Gel PERSE (Eee eee lee] NASIR ies Pee 1,470 | 1,670 13 :1S5 35-8 
3S Hae Leal ack Sis ee] ase ee lexeed. 1,550 | 1,780 144) eke 2 
542 


Scaled from taper curves, mostly in 16.3-foot logs, with a few shorter logs. Stump height, 2 feet. 


TABLE 13.— Volume of hemlock, in board feet, Wisconsin ( Marinetteand Vilas Counties) 
and Michigan (Gogebic County). 


[Based on number of 16-foot logs per tree. Scaled by the Scribner rule.] 


~ Number of 16-foot logs. 
: Ee A AY el Ee el 2 Be es SER EES eh a ere SOD ait 
Date i eter | 
Francés h ioe le a) ae peador (es | 3h 4 43 5 inside Basis. 
Fae ace aed ne Sa eel re 2 
. of top. 
Volume—board feet. 
Inches | Inches.| Trees. 
8 18 28 +1) baie etal Pee RBPRNe, mehecapciearen a [a Pym esas Ue ens ad bee co ase 6 53 
O.|. SG 30g 42. o soe PBs Pil Sica ier oa) MA ere 6 72 
10 20 32 47 a 0 ek a ea Ne ee | ee ee sees 6 56 
11 PB: 39 57 1715 EA PR em nt DA ean aes | ein te a Pe 6 53 
12 25 45 66 86 OR EA lie etal a ee es ee eee ad 46 
13 26 53 79 100 1B D0 ees al ena SearscouGcosran 7 35 
14 28 63 92} 120; 140 ATOR | ee eee eee ce oe tel ss een 7 18 
15 30 72) 2 1104) 1308125170 200 jee a en ee 8 31 
16 32 82} 120] 150] 190 220 Fase cele mec see Se cece 8 25 
17 34 94} 140} 180] 210 250i Boao on | Sactoo sea eons 8 30 
18 36} 110; 160| 200} 240 280 S2OR een tews | see eee 8 14 
19 38 | 120} 180| 220| 270 310 SOOR eet ee Pea oes 9 “16 
20 40} 130] 200] 250| 290 340 SOON 2ee Caer. | fee 9 20 
74 bal | See 150 | 230} 280] 330 380 43002 oe eee ees 9 il 
D7 3 eee 170 | 260} 310] 360 420 480 ESM Seon osae 10 13 
DAMA tok aren ee ee 280 | 340] 400 460 530 600" es aeeeee 10 4 
24} eee a 310 | 370} 440 510 580 660; |sesee ce 10 6 
ys) eae! eee 330 | 400} 480 560 640 7A Ee aes 10 9 
7 se eee be 360 | 4380} 520 600 700 810 |* 920 11 4 
7 pil ae ee ete al IB ae Ee 470 | 560 660 770 880 | 1,000 il 8 
28: | See a eee a ate 600 710 830 960 | 1,090 il 6 
29 |ae- 28] eae ae 530 | 640 760 900 | 1,040}; 1,180 il 3 
30 Wc bose ee 560 680 820 960 1,110 1,270 12 1 
Po be ee ed Pe a Se Sl es ae 720 880} 1,040| 1,200} 1,370 12 2 
0 ee eel ced Ie Pr] ae a 770 930 1,110 1, 280 1, 460 12 1 
Ct eee Pag oe aes eat 6 8 990} 1,180| 1,370| 1,560 12 3 
34 hos. BS Be ae salve oe 870 | 1,050] 1,250] 1,450] 1,670 13 1 
Bae beer PRE a a eng Na 1,140} 1,340 | 1,550] 1,760 13 1 
FS apes Pee aes tord becca nl oe ea 1,210| 1,420] 1,640| 1,870 tSoaleeeee eee 
FY fit Paneer Peet Pein Pema ee 1,270; 1,500) 1,730| 1,970 AS teas 
SS. eee ls cons | aocee ee eel eee ,330 | 1,580 | 1,830] 2,080 WA. ee 
542 


Scaled from taper curves, mostly in 16.3-foot logs, with a few shorter logs. Stump height, 2 feet. 
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TaBLE 14.— Volume of hemlock in board feet, Southern Appalachian region. 


[Based on total height of trees. Scaled by Scribner Decimal C rule.] 


Height of tree—feet. 
: Diam- 
phon Height} eter | motal 
. 50 60 70 80 90 | 100 | 110 | 120 of inside 
(ate stump.| bark | Pasis: 
Se of top 
Volume—board feet (in tens). 

Inches. Feet. | Inches. | Trees. 
10 1 1 Zia | eaten rerere all he Setar laceretar eral etoretters 2.1 if 6 
11 y) 2 3 Po Pine a ee ee oe i Dee 2.2 8 3 
12 3 4 4 5 bap acre | Nes Siar 2.2 8 9 
13 4 5 6 7 Saale wae alle ce ae 2.3 9 23 
14 6 7 8 9 10 ABN ae ef 2.3 9 33 
15 7 8 9 11 13 TG Ee ote Eee pe 2.4 10 59 
16 9 10 11 13 16 19 Dales. 2 2.4 10 64 
17 10 12 14 16 19 23 28) |Wse es. 2.4 11 65 
18 12 14 17 20 23 2a 32 |eeueee 2.5 11 77 
19 14 17 20 23 27 31 36 41 2.5 12 83 
20 17 20 23 26 31 35 41 46 2.5 12 68 
21 19 23 26 30 35 40 46 51 2.5 13 80 
22 22 26 30 34 40 45 51 57 2.6 13 81 
23 25 29 34 39 44 50 56 63 2.6 13 86 
24 29 33 39 44 50 56 62 69 2.6 14 67 
Pay ae 38 43 49 55 62 69 76 2.6 14 81 
Pa Re 42 48 54 61 68 75 83 2.6 15 62 
PAGS eg 7 53 60 67 74 83 91 2.6 15 64 
doin RAS 52 59 66 73 81 90 99 2.6 15 67 
29 Seo 58 64 72 80 89 98 | 108 2.6 16 54 
BOP ERe 255 63 70 78 87 97] 107] 117 2.6 16 34 
PLS Lc a taf ae 76 85 95 | 105] 116} 127 2.7 17 33 
YA a Deere Dee aie 82 92 | 102] 114] 126] 138 PRY 17 37 
SB} il eee leks 3 rea 88 99; 111] 124] 136] 150 2.7 18 29 
BYAl| [se ieee er be 94} 106| 120} 134] 147] 162 PBT 18 33 
Std eset eae 100 | 114] 129] 144] 158) 174 2.7 19 19 
SOM eres oes eee Ns will ety 122} 138] 154) 170] 187 20 19 21 
330) =| ey a £1 ne a aD ete 131 | 148] 165} 182] 200 27 19 9 
SSR eee ee sae oe 140 | 158} 176] 194] 212 2.7 20 10 
SO et: Bit stu gtd 149 | 168] 187] 206] 225 2.8 20 8 
AQ I eee Er EA Bod 158 | 179] 198] 218) 238 2.8 au 7 
ZEA Sh ies [ie Se ee a 189 | 209} 230) 251 2.8 21 5 
CDi | eh Es er P| ee Fe Sa 199 | 220} 242} 264 2.8 22 Re 
2 tec gs ae yl Rien | oe 209 | 232] 254] 277 2.8 22 6 
1y Se eel et ete Dee 220 | 244] 267] 290 2.8 23 4 
Ariat layered lets seial| occ ke 230 | 255 | 279] 303 2.8 23 3 
AGAIN aarraul (eros eens Meas Si fhe Lee og 266 | 291] 316 2.8 24 1 
PUL AN eae | ae a Fennel | epee A a Se 278 | 303 | 329 2.8 25 1 
Boke Ssa pee ee Besar al eee meses 289 | 315 | 342 2.9 25 2 
MOGs ee lee oe Sew Coos. g/t eee 301 | 327] 355 2.9 | 26 1 
SU) | rs ged UGS [ISI Ue San BG Sea 312 | 340] 368 2.9 26 2 

1, 402 


1 From data secured under the direction of Walter Mulford, 1905-6. 
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TABLE 15.— Volume of hemlock in board feet, Southern Appalachion region.}. 


[Based on number of 16-foot logs per tree. Scaled by Scribner rule.] 


Number of 16-foot logs. 


1[u|2| a s{a|o|a| 7 


afala | a 


Volume—board feet. 


1 From data secured under the direction of Walter Mulford, 1905-6. 


Diam- 
eter 


inside | Basis. 


bar 
of top. 


Inches. 


© © 00 00 00 COmNININID AOD 


aa 
ooooe 


Trees. 


ee 


A 


TABLE 16.— Volume of hemlock in cubic feet and board feet, southern New Hampshire. 


Height of tree—feet. noe Din. 
Diam- | —_— poor eer 
eter ee inside : 
breast- 30 | 40 | 50 60 | 70 per 1 | bark of | Basis. 
high. |. pe test 
) og. 
Volume of used length. Bile g 
Inches. | Cu.ft.| Bd. ft.| Cu.ft.| Bd. ft.| Cu. ft.|Bd. ft.| Cu. ft.|Bd. ft.| Cu. ft.|Bd. ft Inches. | Trees. 
6; 1.8 Spt AP At yal (eae RY (ia |i Seah (ee SR I epee Pe bt 4.5 4.4 4 
CAM ui 10| 3.8 20; 5.0 30 | 6.3 CP Sees ere rsens 5.0 4.4 17 
8} 3.9 LZ 05.0 28 | 6.6 39 | 81 HO) | eer Se epaeete ois 5.3 5.1 40 
9} 5.0 26} 6.5 36} 8.4 49 | 10.0 CON See 5.5 9.3 57 
10} 6.4 36 | 8.5 46 | 10.6 59 | 12.5 71 | 14.3 86 5. 6 5.7 57 
11} 8.0 47 | 10.5 58 | 13.0 72 | 15.2 86 | 17.3 | 103 5.6 5.5 41 
12 | 10.2 60 | 12.8 72 | 15.4 86 | 18.2} 103 | 20.8| 123 3.7 6.0 42 
OM ane tei cok ae 15, 2 88 | 18.3 104 | 21.5 | 124} 24.3} 148 5.7 6.7 17 
1 one Sea 7:7 |} 107° | 21.2)| 125.) 25.0) 147 | 28.2) 173 5. 8 6.1 14 
Gy aoe cel eeeeae 20.0} 126 | 24.4] 148 | 28.8] 172 | 32.8 | 204 5.9 6.4 14 
aS ae [Ee 22.5 | 148 | 27.6} 171 | 33.0] 200} 37.5] 240 6.1 6.7 6 
1 (il PS a ae Pn ae A | Seg ee 30.8 | 197 | 37.7 | 233 | 42.8] 281 6.2 5.9 8 
317 
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[Based on total height of tree.) 
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1 Prepared by C. A. Lyford and Louis Margolin, 1906. The volumes in board feet are for actual saw cut, 
and therefore run much higher than if they were based on log scale. The volume in cubic feet includes 


bark. 


TaBLE 17.— Volume of hemlock in cubic feet (including bark), Wisconsin ( Marinette and 
Vilas Counties) and Michigan (Gogebic County). 


[Based on total height of tree.] 


iw) 
i=) 


SEEM ES 
AR CORFE OS 


a 
Oo 


Coe A a la 
CORK ORONH Od 


Dee e 
Se et 


Total height of tree—feet. 


Volume—cubic feet. 


1.7 
3.3 
5.2 5.9 
7.3 8.4 
9.3 10.9 12.3 
11.9 14.1 15.7 
14.6 17.2 19.6 
18.0 21.0 24.0 
21.0 24.0 28. 0 
24.0 28.0 33. 0 
28. 0 33. 0 38.0 
32.0 38.0 44.0 
36. 0 43.0 50. 0 
41.0 48.0 56. 0 
45.0 54.0 62.0 
50. 0 60. 0 69. 0 
66. 0 76.0 
72.0 83.0 
79. 0 91.0 
85.0 99.0 
107.0 
116.0 
123.0 
131.0 


ed se ee ee 


Cd ed es es ee i ee 


50 | 60 | vo | 80 | 90 | 100 


Oh Hale sees 
Coit) Bl Lessee 
BOY Nee selon oe 
51 54 
59 62 
67 71 
75 79 
83 87 
91 98 
100 109 
109 119 
119 129 
131 143 
144 156 
155 169 
167 182 
179 195 
191 208 
204 222 
218 237 
231 252 
246 267 
260 283 
275 299 


Basis. 


Based on taper curves. Volume includes stem with bark between a 2-foot stump and a 4-inch top. 
Bark forms 19 per cent of the total volume of the stem. 


~ 
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Table 18 shows the average amount of bark obtainable per 1,000 
board feet from hemlock trees of different sizes in the Southern 


Appalachians. 


TaBLE 18.—Cords of bark per 1,000 board feet (Doyle-Scribner) for hemlock trees of 
different sizes in the Southern Appalachians. 


Diameter | Cords per | Diameter | Cords per | Diameter | Cords per 
breast- |1,000board| breast- |1,000board| breast- | 1,000 board 


high. feet. high. feet. high. feet. 
Inches. Inches. Inches. 

12 2.8 18 teal 25 0.6 

13 P4533 19 1.0 26 .6 

14 1.9 20 .9 27 oD) 

15 1.6 21 .8 28 BH) 

16 1a} 22 .8 29 a0 

17 re 23 ST. 30 oA x 
24 ATR eee aes ae. ANAS en ee Se 


1 From data secured under the direction of Walter Mulford, 1905-6. 


TABLE 19.— Volume of hemlock bark, in cords, for trees over and under 100 feet in height, 
Southern Appalachian region. 


Trees 100 Trees 100 | Trees 100 | Trees 100 
cide oe feet and iret ad feet and 
Diameter under. over. ; Diameter under. over. “ 
breast-high. Basis. breast-high. Basis. 
Volume of bark. Volume of bark. 
Inches Cord. Cord Trees. Inches. Cord Cord. Trees 
10 | OStO? | ee ee 1 31 0. 48 6 
11 Co ba HA emcees SE ei ] 32 43 . 50 18 
12 a 8) A eee ee ee 2 33 45 . 502 23 
13 1A [peas Deepen 5 34 47 BOO 20 
14 TE hy epee aes 12 35 48 57 14 
15 14 0.18 14 
36 . 50 59 14 
16 15 .19 20 37 52 62 8 
17 fi 21 30 38 53 . 64 11 
18 19 . 23 35 39 55 . 67 5 
19 21 $25 33 40 56 . 69 5 
20 23 . 26 28 
41 58 sl 4 
21 25 28 36 42 60 od 6 
22 27 30 35 7 bs fie | Pike ee es 78 it 
23 29 32 50 Ba: Gl sees See eee Sh wal Aas 2 ae 
24 .30 34 30 45 eae ee 84 it 
25 332 36 36 
CFS) aa ee 2 Pane .87 2, 
26 34 .38 33 BU) AS sees Cas .91 2 
27 230 . 40 38 48522 Rea 94 2 
28 BY, . 42 32 
29 .39 . 44 22 682 
30 . 40 46 27 


Beco) 


1 Prepared under the direction of Walter Mulford, 1905-6. 
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TaBLe 20.— Volume of hemlock bark in stacked cords— Vermont. 


Diameter | Volume of || Diameter | Volume of 
breast-high. bark. breast-high. bark. 


Inches. Cord. Inches. Cord. 
8 0. 03 21 0. 25 
9 . 05 22 . 28 

10 . 06 23 Eh 
24 4 

11 .O ‘ 

a es 25 37 

13 . 09 26 - 40 

14 10 27 43 

15 12 28 46 

16 a 29 -50 

17 .16 

18 18 

19 . 20 

20 504 


1 From ‘‘Hemlockin Vermont,” by A. F. Hawes, State forester; Vt. Agr. Exp. Sta. Bulletin 161 (Janu- 
uary,1912),p.8. The table was constructed by ‘‘subtracting the volumes of the trees inside the bark from 
their volumes outside the bark, and multiplying by 0.4, on the assumption that 40 per cent of an average 
stacked cord of bark is solid bark.’’?’ The accuracy of this factor (taken from Schenck’s ‘‘ Forest Mensura- 
tion,”’ 1905, p. 14) was borne out by investigations of a few piles of bark. 

The following taper tables give diameters inside bark at different 
heights for average hemlock trees of various sizes in the Lake States 
and Southern Appalachians. The distances from the ground are in 
units of 8.15 feet above a 2-foot stump. These units represent the 
half of a 16.3-foot log. The practical use of these tables is to permit 
scaling trees of given size in terms of any desired log rule, but they 
also serve as a basis for comparing hemlock with other species in regard 


to form. The tables were prepared from existing measurements by 
W. B. Barrows. 


TABLE 21.—Diameters inside bark at different heights above the ground for trees of different 
sizes, based on measurements of 614 trees in Wisconsin ( Marinette and Vilas Counties) 
and Michigan (Gogebic County). 


[The heights above ground represent 16.3-foot logs and half logs, plus a stump height of 2 feet.] 


30-foot trees. 40-foot trees. | 50-foot trees. -60-foot trees. 
_ Diameter Height above ground—feet. 
breast- 
high out- 
side bark.| 10.15] 18.3 10.15 | 18.3 | 26.45] 10.15] 18.3 | 26.45} 34.6 | 10.15 | 18.3 | 26.45] 34.6 | 42.75 |50.9 
Diameter inside bark—inches. 
Inches 
ee ss lO |] ode SE TP Be RPO oe ol eas Lad A I a (bu ce aN Or PN OD A em Te eee Jee 
Beers Behl] CA EGS ST es 3) Da a en am a (al (ee RE EN) (Se Han ee a Us 
Gas SiMe CoDMIpe Aa OV oe O jar. Oil Deo: | 4s Ol OO Lec loe se cles sacliae Sicle cletele sicie acted aces 
he ee On OMA ae Oe ee atag. | eon eGo tale O.dul 4a ly 2S OO heals 45:7 \0 coao) || 2e4 ise 
be Css sean OL. Ew ore, [i oeO hh Os9 Ie Gols Nar Sols dom 1) 658.4 6. 2 bos NAD 209 fos 
Gu srs. 2 ene eet a te O60 ieee knee |i) Osorl) sOsdt| OoOl |i CeOld  Oad |) GOs belo 4yor | sd. |) Lesa 
MOS eS Sele Rene Sean lr Os See 4G ronal ve 67) Oekat 42.0) | 8260 7.8 6:85) bea le ore 220 
lees ee ae ee PO Eat Fa 93) 8316.6 £4) 92) B51 °7.5 | CO} arly 22 
iO a fe ira Ss Bag AOLOME cS le Dede OL lo GOL meat: 4s OLOM) "On5 Wie Suan OsG) Ip 40: 2a: 
13S open Lee ae 1OZ9 AN Ss Ga 2aimlOLOy | FSi meet Gee 10,8 Os LOL Oe 72) he ee Or256 
Lg) B ele es (RS APES POG | G2 SaelieG PaOvsnl 8s 5 e526) LLG! 1LOz9 oro foie 7.8) IP e5e| 259 
1 GAPE Es eh Oy ee a L220 1G 3 | fos | 1253) | 11. 2/1) 9.0") 65071 12,54 10.6 | 104) 84) 5.19) 3.2 
LDU SE ai 2c) I a a | ag be ASTOR SOs Gio OLe lalorot tno athe |e 950) G4 ono, 
LTB ee ee Ny ES (ih SR | ( ee 1323) | 2256) MOS2 ts 629 14 F135 2 1S O85) t= 608 1307 
1S NOOR ESAY eee Cl | SI en aa rece | eae (a Lea loon 1Ororin gaan 4eo yo l4 i (eka Sr IOI fos 4) L 
Les fee elie te Ea ly ERE a RE es NE eV et) | Ce Le 4 Sr TS CD LONT. | tert | 454: 
we Se BSS os ees eee ee Ie) ae a een (cae ae NOVA 5s2 tess ON eS) 8225)" 457 
CoE SE aL arm (eae SE (2 I Re a | (|e a gel Die WL Ge Gy (laa dd Oil 8:6. 458 
ee Sela RS LS hy | SR | SR fe oO A a 1759 | 17.3 | 15.4 | 12:5} 9.0 | 5.0 


s22s| 50.9 59.05 bra ( j 


80-foot trees. 
34.6 


be ee oe Oe 


eee 6 oe 


he os Oe oe oe | 


Se oe Boe oe | 


50. po. oor as. sf. 5 


100-foot trees. 


(Marinette and Vilas Counties) 


18.3 | 26.45 


ghts above the ground for trees of different 


614 trees in Wisconsin 
Height above ground—feet. 
59.05 | 10.15 


ifferent hei 


Diameter inside bark—inches. 


70-foot trees. 
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qi) 0 Ee. lw aoe 


Sete et 


Soe Hoe Hh oe Oh eB | 


Height above ground—feet. 


59. 0567 rs so fs ro sj a, 75 
Diameter inside bark—inches. 


50.9 


90-foot trees. 
34, a. 75 
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Se Oh oe cee oe | 
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18. fs 45 


ere. Fer tel Wed 


sie) 0) Ve) ow 


6) 1:0) eh ee 


O30) eel ve 


~rXrOOM DMHROOCO 
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OO SH AE OD 


WOOMNH OWOnHM 1IONKeOD 
MiHOSS CONrKNK KKK 
I-rtHOrm MODNNDO MIr~O 
OCBBGO SOHHN Aad 
De I coe OE sO oe BO oe Boe OO cn BO oe Oh oe | 

OD MOwO DWOnAOnR Ono 
HNN wo dHdididcd Orr 
Ee hs ce hc en ch hen cB cn Mc 
OWWHON DMMOCON DMHtHoO 
GwWS iss SMOG SS 
Dee Ben Oe OO oe Os BO os On oe Boe oe Be N 
OM DION HDidHdin Noms 
BSSUHG GHASSH ANG 
Ok WNOCO wODRFCO1IDN ODIO 
ey eta! ats ea) 
S5SSS RASA RS 
MOM~MDN HOOMOM™~ WNO 
SRN GO fr eY oO 
SII ANGAS SSR 
NOOWON OMA OO 
TOON NAS OO 
GSRRAN NRSee SS 
OHO CinmMAO OMe 
L eK Ted Nye ak Joled | * « * « . * * 
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BULLETIN 152, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 22.—Dviameters inside bark at different heights above the ground for trees of different 
sizes, based on measurements of 1,548 trees in the Southern Appalachian region—Con. 
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